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System Components: 


Supply Voltage: 


Operating Temperature: 


Relative Humidity: 


Dimensions: 


Options/Expansion: 


Software Features: 


MEK6802D5 SPECIFICATIONS 


MC6802 Microprocessor 

D5BUG Firmware (2K) 

Six 7-segment displays 
25-key scanned keypad 

300 Baud cassette interface 
Uncommitted user PIA 
Breadboard area 

On-board power supply 


120 Vac 60 Hz to external transformer, 18 Vac input 
to board, +5 Vdc regulated output on board. 


0 °С to 55 °C (32 °F to 131 °F) 
To 80% without condensation 


A two-sided printed circuit board measuring 9.75 in 
(247.65 mm) wide Бу 8.75 іп (222.25 т) high by 
0.062 in (1.57 mm) thick. 


Two (2) MCM2114 1K x 4 RAMS 
One (1) ROM 
Bus buffers 
MEK6800AB Motherboard 
MEK68R2 CRT display board 
ASCII Keyboard 
CRT/TV Monitor 
MEK68MM RAM board 
MEK68RR RAM/ROM board 
МЕК6810 Input/Output Interface 
MEK68EP EPROM Programmer 


Memory Change/Display 
Advance to next ADDR 
Back-up to previous ADDR 
Calculate offsets 

Register Change/Display 

Breakpoint Editor 

Cassette punch/load/verify 

Trace single instruction 

Go To/Continue user program 

User function capability 

Escape from all functions 

Save user registers 
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CHAPTER 1 
GENERAL INFORMATION 


Description 


The MEK6802D5 Microcomputer Evaluation Board is a basic, low-cost system 
to evaluate the capability of the MC6800 Microcomputer Family of Com- 
ponents. It is useful as a tool to learn programming techniques, and to 
develop custom applications of microprocessors. 


The system consists of an MC6802 microprocessor, 05806 firmware in ап 
MC68A316E ROM, (6) 7segment multiplexed displays, a 25-key scanned key- 
pad, 300 Baud K.C. standard cassette interface and an on-board power 
supply capable of driving the minimum system. 


A wire wrap area and an uncommitted user PIA are provided to allow the 
user to create desired options. In addition, provisions are made to add 
(2) MCM2114 1K x 4 RAMs, a 24-pin ROM or EPROM, and Bus buffers to an 
86-pin connector. 


All components, including the AC transformer required for the minimum 
system are supplied with the MEK6802D5. 


The functions of the basic and optional components of the system are de- 
Scribed in the following sections. 

Components 

MC6802 - MPU (U5) 

The microprocessor generates the system clock, executes the programs re- 


siding in D5BUG, and also executes user programs. There are 128 bytes of 
RAM (reserved for the user in the D5) included in the MC6802 (addresses 


$8999 to $007F). 


MC68A316E - D5BUG (012) 
This factory programmed ROM (Read Only Memory), also known as a Monitor, 


contains the operating system firmware programs which control the D5 
system. 


MC6821 - PIA (U23) 


This PIA (Peripheral Interface Adapter) is the system PIA and interfaces 
the keypad and display to the MPU. This unit can transmit data (in 
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1.2.4 


1.2.5 


1.2.6 


1.2.7 


1.3 
1.3.1 


1.3.2 


parallel form) іп either direction and provides а flow path for data in 
ог out of the system. It also interfaces the cassette interface cir- 
Cuitry and trace-one instruction timer to the MPU (U5). 


MC6821 - PIA (Џ9) 
This PIA interfaces the 05 to external devices or systems for the user 
to use in producing custom designs. It provides two 8-bit bi-direc- 


tional data ports and four control lines connected to a 24-pin Dip 
Socket located adjacent to U9. 


MC6810 - Static RAM (011) 

This is a static RAM (Random Access Memory) used as a scratch pad for 
the MPU (U5). It provides 128 bytes of Flag, Data, and Stack area for 
the D5BUG operating system (24 bytes are allowed for use as a user's 
stack area). 

LED Display 

The display system consists of LEDs, 115, 016, 017, U18, U20, 021; anode 
drivers Q1 through Q7; and cathode drivers U24 through U26. The system 
PIA (U23) uses seven lines to drive the anode drivers and six lines to 
drive the cathode drivers. 

Keyboard 

Depressing a key generates an interrupt to the processor. The system 
firmware causes the processor to search for the key closure and act upon 
it. 

Optional Devices 

MC2114 RAM Memories (07, U8) 

There are two 18 pin sockets for installing MCM2114 (1K x 4 bit) static 
RAM memories. 

Bus Drivers (Ul, U2, U3, U10) 


These units interface the processor to an 86 pin connector to expand the 
MEK6802D5 system. 
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2.1 


2.1.1 


2.3 


СНАРТЕК 2 


INSTALLATION 


Preparation For Use 

Handling 

== aa 
CAUTION 


Turn power off before removing or installing components 


SPECIAL HANDLING REQUIRED 


Store board in special conductive bag. Do not touch 
circuitry while handling. Static discharge may damage 
components. 


Generally, it is required that the board and repairing personnel all 
be at the same (ground) potential. If the unit is on a bench or is 
not installed, a common ground connection between installing and/or 
repairing personnel and the unit should be made. 


Use 
Place your D5 on a convenient work place such as a bench or table top 


and plug the transformer into a wall outlet of the correct AC voltage. 
Refer to the operational section of this manual for more information. 


Precautions 


Because MOS devices have extremely high input resistance, they are 
susceptible to damage when exposed to high static’ electrical charges. 


To avoid possible damage to the devices during handling, testing, or 
actual operation, use the following procedures: 


a) The leads of devices should be in contact with a conductive material, 


except when being tested or in actual operation, to avoid build-up 
of static charge. 
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2.3.1 


2.4 


2.5 


Precautions (cont'd) 


b) Soldering-iron tips, metal parts of fixtures and tools, and hand- 
ling facilities should be grounded. 


с) Devices should not be inserted into ог removed from circuits 
with the power on because transient voltages may cause permanent 
damage. 


d) Signals should not be applied to the inputs while the device 
power supply is off. 


e) All unused input leads must be connected to either Vss (ground) 


or Урр (device supply), whichever is appropriate for the logic cir- 
cuit involved. 


Handling of Unmounted Chips 


In handling of unmounted chips, care should be taken to avoid dif- 
ferences in voltage potential. A conductive carrier, or a carrier 
having a conductive overlay should be used. 


Some CMOS chips use a double diode plus resistor input protection 
circuit. This input protection circuit will clamp the input voltage 
to the chip to within the Vpp and Vss supply voltages. This will 
protect the CMOS chip from over-voltages of 100 volts for 0.1 milli- 


second. The static charges encountered in normal handling may be 
as high as 10,000 volts. 


Pin Assignments 


Refer to Table 2.1 for the Bus Pinout Assignments for the MEK6802D5. 


System Bus Signal Description 


System Bus Signals: 


(1) 16 Address lines (Ag-A15) - For selection of one byte or location 
from 64K bytes or locations. 


(2) 8 Data lines (00-07) - Bidirectional lines that carry data informa- 
tion. 


(3) 9 Control lines: 


(a) E - ENABLE. This signal is the system clock. А standard 
3.579545 MHz crystal is used by the processor to generate 
the 894.8 KHz system clock. 
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ТАВГЕ 2.1. 


Pin 

Number Description 
1 +5 VDC 
2 +5 VDC 
3 +5 VDC 
4 НАСТ 
5 RESE 
6 R/W 
7 
8 +12 V GND (ref) 
9 +12 V GND (ref) 
10 
11 -12 V (ref) 
12 
13 
14 
15 
16 +12 V (ref) 
17 
18 
19 
20 
21 
22 
23 
24 
25 -5 V (ref) 
26 
27 
28 
29 D1 
30 D5 
31 Dg 
32 04 
33 А15 
34 А12 
35 А11 
36 А8 
37 А7 
38 А4 
39 АЗ 
40 Ap 
41 GND 


SYSTEM BUS PINOUTS 


Pin 


Number Description 


+5 VOC 
+5 VDC 
+5 VOC 
RI 
NMI 
VMA 


A 
B 


E (92) 
*12 V GND (ref) 


-12 V (ref) | 


ВА 
MR 


*12 V (ref) 
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System Bus Signal Description (cont'd) 


(3) 


Power 


9 Control lines (cont'd) 


(b) 


R/W - Read/Write. This is the read-write control line. 
Its logic state determines the direction of data (into or 
out of) a selected chip. When high, the data direction 
is toward the processor (read), and when low, the data 
direction is away from the processor (write). 


VMA - Valid Memory Address. When low this signal in- 
dicates that the address on the bus is invalid. 


MR - Memory Ready. This control signal can cause the E 
signal to be stretched. When MR is high, E will be in 
normal operation. When MR is low, E may be stretched ап 
integral multiple of half periods, thus allowing interface 
to slow devices. 


RESET. This line is used to reset and start the MPU. 


BA - Виз Available. When this signal is active, the 
MC6802 is stopped and the address bus is available for 
external devices (but not tri-state). 


НАСТ. When this signal is active, all activity of the 
MC6802 will be halted. 


TRQ - Interrupt Request. This signal requests than an 
interrupt sequence be generated within the MC6802. If 
the interrupt mask bit in the condition code register 
is set, the TRQ input is disabled. 


NMI - Non-Maskable Interrupt. This signal is similar to 
TRO except that the interrupt mask bit in the condition 
code register has no effect on NMI. 


System Interfaces 


For the minimum system, an on-board power supply is provided which is 
driven by an 18 Vac center tapped transformer. Refer to Figure 2.1 


(see page 2-5) in connecting the 18 Vac transformer. 


If it is necessary to use an external supply for more power, just remove 


page 2-5). 


jumper E2 and connect the external supply as shown in Figure 2.2 (see 
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2.6.1 Power (cont'd) AC око АС %6У 


05 BOARD 


CABLE 


TRANSFORMER 


FIGURE 2.1. 18 VAC TRANSFORMER CONNECTION 


AC GNO AC +5 У 
. . 
GND +5 уос 


FIGURE 2.2. EXTERNAL SUPPLY CONNECTION 


2.6.2 User PIA 


A 40-pin socket has been provided to allow an additional uncommitted 
MC6821P in the D5. The PIA (U9) is supplied with the kit and the inter- 
face signals are available at the 24-pin socket (U14). 


TABLE 2.2. USER PIA CONNECTOR PINOUTS 


Description 


GND 
N.C. 
PA5 
РА4 
РАЗ 
РА2 
РА1 
РАВ 
СА2 
СА1 
N.C. 
+5 V 
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2.6.2 User PIA (cont'd) 


Тһе IRQA and ТВОВ outputs of the user РТА may be connected to either 
NMI or IRQ. Refer to the following figure while making connections. 


NMI TO PROCESSOR (ив) 


IRQ TO PROCESSOR (05) 


IRQA, Џ9, PIN 38 (USER PIA) 


IRQB, 99, РІМ 37 (USER PIA) 


FIGURE 2.3. USER PIA INTERRUPT CONNECTIONS 


The User PIA is decoded to appear at $E480. 


PORT ec $E480 
DATA DIRECTION A ------------ $E480 
CONTROL REG. А-------------- $E481 
PORT. B: RC HER $E482 
DATA DIRECTION В ------------ $E 482 
CONTROL REG. B ----------.... $E483 


2.6.3 Cassette 


A 300 Baud Kansas City standard compatible cassette interface is pro- 
vided for program storage. Most low-cost cassette recorders are com- 
patible with the D5. The output from the cassette is connected to the 
"EAR" input at P3 of the 05. Generally the higher the cassette output 
level the better, but the D5 may accept as low as 2.0 Vpp. 


To record programs connect the "MIC" Output from P2 of the 05 to the 


"MIC" input to the cassette recorder. The D5 sends a 50 mVpp signal 
of 1200 Hz and 2400 Hz for zeroes and ones respectively. 
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2.7.2 


Options 


Several options are available for the user through installation or re- 
moval of various jumpers or components. In general, addition of options- 
will require additional power which the on-board power supply may or may 
not be capable of supplying, The limiting factor in the on-board supply 
is the 7805 regulator heat dissipation characteristics. Some added · 
power capability can be achieved by going to a 70-3 type regulator which 
can dissipate more heat. ІҒ the on-board regulator cannot supply enough 
power for the added options, then E2 may be removed to disconnect this 
regulator from the system allowing power to be supplied at the edge con- 
nector, or through the four (4) terminal barrier block ТВ1. 


User RAM 


Provisions have been made to allow addition of 1K x 8 of User RAM. This 
RAM is decoded to appear at addresses $EØØØ - $E3FF. То add this option 
install (2) МСМ2114 1K x 4 RAMs at U7 and U8. 


User ROM 


A 24-pin socket has been provided to allow the user to add an additional 
ROM with its own firmware. Decoding is provided to allow this ROM to 
appear at either of two areas in the memory map, $E800 to $EFFF or 
$F800-$FFFF. ІҒ the user wishes the ROM to contain the system restart 
and interrupt vectors, select the ROM at $F800-$FFFF and disable the 
monitor ROM from mirroring there. Тһе user then has full access to all 
operating system routines but has priority during restart and interrupts. 
In addition to selecting where this ROM will appear, the user can connect 
the socket to accept various ROM or EPROM types. The following table 
outlines the proper connections for the most common EPROM types. 


TABLE 2.3. EPROM CONNECTIONS 


МСМ2708 
ТМ52716 
МСМ2716 


GND 
(5 


Refer to the following figures for configuring the ROM sockets аз 
required. Figure 6.1, page 6-4 shows the location of these sockets. 


2.7.4. User ROM (cont'd) 


+12 V 
ROM РІМ 19 
ROM PIN 20 
ROM PIN 20 
ROM PIN 21 


а) Jumpers for 1К 


*12 V 
ROM PIN 19 
ROM PIN 20 
ROM PIN 20 
ROM PIN 21 
-5 V 


b) Jumpers for 2K x 8, 3-supply EPROM. 


+12 Vito 
ROM PIN 19 | з Я4 
ROM PIN 20180 ов 
ROM PIN 20 |7 6224 8 
ROM PIN 21 | е Яо 
-6 У tto J4 


с) Jumpers for 2K x 8 single supply EPROM. 


FIGURE 2.4. CONFIGURING THE ROM SOCKET 


2-8 


2.7.2 User ROM (cont'd) 


2.8 


mE 
„ £0 
8 


а) Option 1, select at $Е800 to $EFFF. 


Фо Oo 
мо o- 


ico 2515 
ол (5 Я А о о 

в ..00 “DU: 
а 0 4 2 в 8 4 2 


b) Option 2, select at 5Ғ800 to $FFFF. 
FIGURE 2.5. USER ROM OPTIONS 


To use option 2 the system monitor mirror must be disabled by removing 
the jumper between pins 1-2 of J2. 


Bus Expansion 
To expand the D5 through the 86-pin connector, install (2) 74LS244 octal 


buffers at 01 and U2 and (1) 7415245 octal bidirectional buffer at U3. 
Also install a jumper at Е1 to disable the MC6802's internal RAM. 
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СНАРТЕВ 3 
ОРЕВАТТОМ 


Common Terms апа Hotations 


Microprocessors are digital devices which understand 1 (ones) and 0 
(zeroes). In the MC6802 there is a 16-bit address bus and an 8-bit 
data bus which communicate digitally (with binary l's and O's). It 
becomes cumbersome to specify 16-bit addresses and 8-bit data іп bi- 
nary l's ат O's so а shorthand code called hexadecimal is used. 
Each hexadecimal digit (hex digit for short) represents (4) binary 
bits. 


In order to distinguish hex digits from ordinary decimal numbers, pre- 
cede the hex number with a dollar sign ($). Sometimes it is very 
obvious that a number is a hex number and the "$" symbol may be left 
off as in program listings. In a binary number, the leftmost bit is 
called the Most Signigicant Bit (MSB) and the rightmost bit is called 
the Least Significant Bit (LSB). 


Any group of 8-bits is called a "byte" and a group of 4-bits may be 
called a "nibble". А "word" is а misleading term because many think 
it means 8-bits, but "word" really refers to the size of the data word. 


In most microprocessors the data bus just happens to be 8-bits wide but 
there are exceptions such as the MC68000 which has а 16-bit "word" size. 


Binary Number Hex Representation 
0000 0 
0001 1 
0010 2 
0011 3 
0100 4 
0101 5 
0110 6 
0111 7 
1000 8 
1001 9 
1010 А Note: From 10 through 15 the 
1011 B letters A through F are used 
1100 C for a single symbol to represent 
1101 D the 4-bit binary number. 
1110 E 
1111 F 
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3.2 


3.3 


3.3.1 


3.3.2 


3.3.3 


Common Terms and Notations (cont'd) 


Since 7-segment displays are used on the D5, the hex values A through F 
are difficult to display. The letters B and D become lower case letters. 


Display Indications 


Step-by-step examples will show the resulting display. Notice there are 
6 displays. Іп the examples a small letter x indicates "don't care"; 
that 15 ТЕ may not be possible to predict the actual value which will 
appear but it indicates that the display will not be dark. 


Keypad Entries and Displays 


Located at the end of this chapter are detailed examples which will help 
explain this section. 
I 


RESET 


To reset the entire system, depress the "RS" button and the resulting 
display will be a dash in the left hand position. 


ESCAPE 


Normally 1% is possible to abort a user program by depressing the "EX" 
key; however, since this is dependent upon proper set-up of the keypad 
PIA, it is possible for the user's program to disable the ESCAPE func- 
tion. i 


Assuming a user program and the ESCAPE function active at the time the 
"EX" key is depressed, the resulting display would reflect the current 
user Program Counter status and the system would be in the register 
display editor, 


If the system was within the DEBUG operating system when "EX" was de- 
pressed the resulting display would be a dash in the left hand position. 


Miscellaneous 


While entering numeric information, the first digit entry will clear the 
entire register location being modified and the new digit will be rotated 
into the least significant 4 bits of the register. Subsequent entries 
will be shifted in from the right and there is no limit to the number of 
digits which may be entered. When the next command key is depressed, 
the value being displayed is the value which will be used. 


3.3.3 


3.3.4 


3.3.5 


Miscellaneous (cont'd) 


When trying to GO to a user program, a check is performed to see that 
the user's system stack can support the process of exiting to the pro- 
gram. The method used to transfer control to the user program requires 
that the user's register contents be put on the system stack and, if no 
RAM exists at the "S" stack pointer location, then control cannot be 
passed to the program. Тһе display will be -SP- ??. 


Memory Display/Change 


To display or change the contents of a memory location, first enter the 
hexadecimal address to be changed. Leading zeroes are not required and 
digits may be entered until the display is correct. When this address 
has been entered, depress the "M" key. 


The first four display digits show the address of the memory location 
being operated on. The fifth and sixth displays show the actual contents 
of the displayed address and if they do not agree with the data entered, 
it is an indication that the location is not properly accepting data. 


To advance to the next higher memory location, depress "GO" and to back- 
up to the next previous location, depress the "M" key. 


Offset Calculation 


To calculate a relative offset, depress "FS" from the memory display 
change editor. Тһе memory location being displayed at the time the "FS" 
key was depressed is assumed to be the location of the offset byte. The 
display at this point will be an A in the right most position, 


prompting an entry of the destination address. After this address has 
been entered, depress "GO". The offset will be calculated and checked 
to see if it is within the range of an 8-bit offset. The resulting dis- 
play will be two numbers in the right most two displays or the letters 
BAD indicating the offset was out of range. Тһе numbers are an 8-bit 
offset value. 


Note this offset on the listing before continuing. 
Depress "00". Тһе calculated offset is stored and control returned to 


the memory display/change editor. The memory location being displayed 
will be that immediately following the offset which was just stored. 
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3.3.5 Offset Calculation (cont'd) 


3.3.6 


3.3.7 


3.3.8 


If, for some reason, the calculated value should not be stored prior to 
continuing, depress the "FC" key which will return control to the memory 
display/change routine. The displayed memory location will be the same 
one from which the offset calculation routine was called. 


If the calcuation was "BAD" depressing "M" will return to the memory 
change editor. 


Register Display/Alter 
To get to register display, begin at the prompt point and depress "RD". 


The first register displayed will be the user's program counter. 


Summary of Register Display Formats 


—— 
P С User program counter 

A User А - register 

| b User B - register 
I d User X index register 

| 5 Р User stack pointer 
| с C | User condition codes 


To advance to the next sequential register depress the "GO" key and to 
back up to the next previous register depress the "M" key. The re- 
gisters "wrap-around" so depressing "GO" while displaying CC, the next 
display will be PC. 


To change the contents of a psuedo register, just step to that display 
and enter the desired value. 


Trace Single Step 


To trace a single MC6802 instruction, just depress "T/B" from within the 
register display editor. After executing a single user instruction, the 
operating system will regain control in the register display editor and 
all registers will reflect the action of the executed instruction. De- 
press "T/B" as many times as desired to execute that many instructions. 
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3.3.10 


3.3.11 


3.3.12 


бо То User Program 


То бо to а user program, start at the prompt point (а dash іп the left 
most display). Enter the address desired and then depress "GO". 


Continue 


This is like GO to user program except instead of specifying the GO 
address, it is assumed to be the current value at the user program 
counter pseudo register. То invoke this function, depress "GO" from 
the "-" prompt point. It should not be necessary to enter any numbers 
prior to "GO" to invoke the "CONTINUE" function. 


Breakpoints 


To enter the breakpoint editor, depress "FS" then "T/B" from the prompt 
point. 


To get out of the breakpoint editor, depress the "EX" key. To advance to 
another breakpoint specification, depress "GO". The advance function 
wraps around so successive presses of "GO" will eventually display all 
breakpoints. Up to 5 breakpoints may be active at any time. 


To de-activate an existing breakpoint, advance to where it is being dis- 
played and depress "FC". Тһе last digit of the display (# of break- 
points) will decrement and another breakpoint will be displayed. To 
remove all breakpoints, depress "FC" as many times as needed until the 
"# of breakpoints" digit is zero. 


To install a new breakpoint, enter its proposed hexadecimal address, 
then depress "FS". Breakpoints will only be installed where there is a 
RAM. If the "# of breakpoints" digit does not change, it is an in- 
dication that the breakpoint could not be installed either because five 
breakpoints already exist or because the breakpoint code ($3F) could 
not be stored at the proposed address. 

Punch 


To punch a cassette tape, begin from the prompt (-) point.  Depress 
"P/L" and the display will be 0000 bb, prompting for a beginning address. 


For example, depress 1, 2, 3. The display will be 0123 bb. 


Depress GO to enter this address. The display will now be 0000 EE, as 
a prompt to enter the last address of the data to be punched. 


For example, depress 4, 5, 6, 7. The display will be 4567 EE. 
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3.3.12 


3.3.13 


3.3.14 


Punch (cont'd) 


Turn on the tape recorder in the RECORD mode and depress GO. А 30 
second leader of $FF characters will preceed the data file. 


When the punch process is complete, the prompt (-) returns and the D5 
board 15 ready for the next command. 
Load/Verify 


The load command is "FS" then "P/L" while the verify command is "FS" - 
"RD". 


When the load or verify is completed without errors, the prompt re- 
turns and the D5 is ready for the next command. 


If ап error occurred during load or verify, the message "Fail ??" 
appears on the display. Тһе user may escape at this point and enter 
register display to find the error location. Тһе address in error is 
indicated by the value in the X-register. Also the data in the A- 
register is the last byte read from the tape. 

User Functions 


User functions may be performed by use of the function set key and the 
user function pointer (FNCPNT). 


User functions are invoked by typing "FS" and a hex digit. 


User functions are set up by providing a table of addresses of user 
supplied functions, and by storing the address of the table at FNCPNT 


Up to 16 functions may be added to the functions already on the D5. 
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Display and Programming Examples 


These examples are given to illustrate programming techniques and applications 
using the МЕК680205. 


Example to display 'USE d5' 
1. Determine the necessary 7-segment display codes required for the letters 


and numbers to be displayed. This information is found in the detailed. 
description of the "PUT" routine in Chapter 7. 


Symbol Binary Hex 
U = 0011 1110 = $3E 
5 = 0110 1101 = $60 
Е = 0111 1001 = $79 
зрасе = 0000 0000 = $00 
а = 0101 1110 = 55 
5 = 0110 1101 = $60 


2. Each symbol is listed with its binary equivalent and hex code keypad entry. 


3. The program listing entries are explained in the D5BUG listing (Chapter 7). 
The complete program listing for this example is as follows (next page): 


USEDS 


0001 МАМ USED5 

0002 ОРТ LLEN*80,CREF 

0003A 0000 ORG 50 

0004 * D5BUG ROUTINE 

0005 Е410 А DISBUF EQU $E41D 

0006 FOA2 А DIDDLE EQU ЗЕОА2 

0007 E419 А MNPTR Е00 5Е419 

0008 ЕОВВ А РОТ EQU $FOBB 

0009 š x 

0010 * 

0011A 0000 86 3E A BEG LDAA #S3E "U" 

0012А 0002 B7 E41D А STAA DISBUF STORE TO FIRST DISPLAY 
0013A 0005 86 6D A LDAA %56р "8" 

0014А 0007 В7 Е41Е А 5ТАА DISBUF+1 

0015А 000A 86 79 А LDAA 8579 "g" 

0016А 000С B7 E41F A 5ТАА DISBUF+2 

0017А 000Ғ 86 00 A LDAA #$00 BLANK 

0018А 0011 BY E420 А 5ТАА DISBUF+3 

0019А 0014 86 5Е А LDAA %55Е "p* 

0020A 0016 B7 E421 A STAA DISBUF+4 

0021А 0019 86 6D А LDAA %56р ET 

0022А 001B B7 E422 А ЗТАА DISBUF*5 STORE TO LAST DISPLAY 
0023A 001Е CE F0A2 А LDX #DIDDLE ADDR OF DIDDLE ROUTINE 
0024A 0021 FF E419 А STX MNPTR ESTABLISH AS ACTIVE SUB OF "PUT" 
0025A 0024 7E FOBB A JMP PUT CALL DISPLAY ROUTINE 


0026 END 
ERRORS 00000--00000 


0000 BEG 0011* 

F0A2 DIDDLE 0006% 0023 

E41D DISBUF 0005“ 0012 0014 0016 0018 0020 0022 
E419 MNPTR 0007* 0024 

ЕОВВ РОТ 0008* 0025 


After entering this program into memory using Memory Change, press 
"9" and "GO" to begin execution. қ сүйін 
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Display and Programming Examples (cont'd) 


Example to display 'HELP --' 


1. 


Determine the 7-segment 


codes required, as in the previous example. 


Symbol Binary Hex 
Н = 0111 0110 = $76 
Е = 0111 1001 = $79 
= 0011 1000 = $38 
Р = 0111 0011 = $73 
- = 0100 0000 = 540 
- я 0100 0000 = $40 


Each symbol is listed 


with 


its binary and hex codes equivalent. 


The program listing entries are explained in the D5BUG listing (Chapter 7). 
The complete program listing for this example is as follows (next page): 


HELP 


0001 NAM HELP 

0002 OPT LLEN=80 ,CREF 

0003A 0006 ORG $0 

0004 * 05806 ROUTINES 

0005 FOA2 А DIDDLE EQU 5ҒСА2 

0006 Е410 А DISBUF EQU $Е410 

0007 £419 A MNPTR EQU $E519 

0008 FOBB A PUT EQU $FC8B 

0009 * 

0010 * 

0011А 0000 CE 7679 А BEG LDX #57679 "НЕ" 

0012А 0003 ҒҒ Е410 А 5ТХ 015842 STORE ТО FIRST 2 DISPLAYS 
0013А 0006 СЕ 3873 А LDX #$3873 "LP" 

0014A 0009 FF E41F A STX DISBUF+2 

0015А 000С СЕ 4040 А LDX #54040 "--" 

0016А 000Ғ FF E421 A 5ТХ DISBUF+4 STORE ТО LAST 2 DISPLAYS 
0017А 0012 СЕ FOA2 A LDX #DiDDLE ADDR OF DIDDLE ROUTINE 
0018А 0015 FF E419 А STX MNPTR ESTABLISH AS ACTIVE SUB OF PUT 
0019А 0018 7Е FOBB А JMP PUT CALL DISPLAY ROUTINE 

0020 END 


0000 BEG 0011* 

FOA2 DIDDLE 0005* 0017 

E41D DISBUF 0006% 0012 0014 0016 
E419 MNPTR 0007% 0018 

РОВВ PUT 0008% 0019 


After entering this program into memory using Memory Change, press 
"9" and "GO" to begin execution. 
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Display and Programming Examples (cont'd) 


To help in better understanding the PUT/MNPTR routine operation, try the 
following: 


DIDDLE has been used so far as the subroutine which is executed once each 
millisecond from PUT. Now substitute a Tong delay using the DLYX routine 
as the subroutine which is specified by MNPTR. 

0020 СЕ FFFF SLOW LDX  £$FFFF For 1/2 second delay 

0023 80 Ғ179 JSR DLYX Delay 

0026 39 RTS Then return to PUT 
To install SLOW as the active subprogram of PUT, just change the third last 
step of the "HELP --" program: 

was: 

0012 СЕ ГОА? LDX #DIDDLE Addr of DIDDLE routine 

to: 

0012 CE 0020  LDX #SLOW Addr of SLOW routine 
When the program is running between successive digits (which are on for about 
1 millisecond) there is an approximately half second delay. 
Adjust the amount of delay by changing FFFF at 0021,2 and observe the effect. 


This exanple is a clock program to display time in a 24-hour format. The 
program is as follows (next page): 
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ТІМЕ 


0001 МАМ ТІМЕ 

0002 ОРТ LLEN=80,CREF 
0003А 0000 ORG $0 

0004 * DSBUG ROUTINE 

0005 ЕОВВ А PUT EQU SFOBB 

0006 E419 А MNPTR EQU $E419 

0007 E42C А HEXBUF EQU 5Е42С 

0008 Е120 А DYSCOD EQU $2120 

0009А 0000 0001 А ВНА. RMB 1 HOURS 
0010А 0001 0001 А RMIN RMB 1 MINUTES 
0011А 0002 0001 A RSEC RMB 1 SECONDS 
0012A 0003 0002 A TICK RMB 2 COUNTERPASSES; ABOUT lms/PASS 
0013 * 


0014А `0005 CE 000Е A START LDX #TIME ADDR OF TIME ROUTINE 
0015А 0008 FF E419 А STX MNPTR ESTABLISH AS ACTIVE SUB 
0016A 000B 7E FOBB A ЈМР РОТ СЕТ STARTED 

0017 yi 

0018A 000Е DE 03 A TIME LDX TICK # OF PASSES 

0019A 0010 08 INX INCREMENT % PASSES 
0020A 0011 DF 03 А STX TICK UPDATE 

0021A 0013 8C 0217 A CPX %535 РА55Е5/5ЕС 

0022А 0016 26 4С 0064 ВМЕ TBOT TO BOTTOM OF PROG 
0023А 0018 СЕ 0000 А LDX #$0000 

0024A 001В DF 03 A STX TICK RESET TICK COUNT 

0025A 0010 7C 0002 А INC RSEC INCREMENT SECONDS 
0026A 0020 96 02 A LDAA RSEC 

0027A 0022 8A F5 A ORAA #$Е5 CHECK FOR BCD OVERFLOW 
0028A 0024 43 COMA 

0029A 0025 26 3D 0064 BNE TBOT IF NOT $xA SECONDS 
0030А 0027 96 02 А LDAA RSEC 

0031А 0029 8B 06 А ADDA #6 INCREMENT TENS DIGIT 
0032A 0028 97 02 А 5ТАА В5ЕС UPDATE 

0033A 002D 81 60 A CMPA %560 60 БЕС YET ? 

0034А 002Ғ 26 33 0064 ВМЕ TBOT IF NOT; EXIT 

0035А 0031 7F 0002 А CLR RSEC ‚ RESET SCONDS COUNT 
0036А 0034 7C 0001 А. INC RMIN МЕМ MINUTE 

0037A 0037 96 01 А LpAA RMIN 

0038A 0039 8A F5 A ORAA #8е5 CHECK FOR ВСР OVERFLOW 
0039A 003B 43 : COMA 

0040A 003C 26 26 0064 BNE œ  TBOT IF NOT; EXIT 

0041A 003E 96 01 A LDAA RMIN 

0042A 0040 8B 06 A ADDA #6 INCREMENT TENS DIGIT 
0043A 0042 97 01 А ЗТАА RMIN UPDATE 

0044A 0044 81 60 А СМРА #$60 60 МІМ УЕТ ? 

0045А 0046 26 1С 0064 ВМЕ TBOT IF NOT; EXIT 

0046А 0048 7Ғ 0001 A CLR RMIN RESET MINUTES COUNT 
0047A 004B 7C 0000 А INC RHR NEW HOUR 

0048A 004E 96 00 A LDAA RHR 

0049A 0050 8A F5 A ORAA #$Е5 CHECK РОВ BCD OVERFLOW 
0050A 0052 43 COMA 

0051A 0053 26 06 005В BNE CHKHR CHECK FOR END OF А DAY 
0052A 0055 96 00 A LDAA RHR 

0053A 0057 8B 06 А ADDA %6 INCREMENT ТЕМ5 DIGIT 
0054A 0059 97 00 А 5ТАА RHR UPDATE HOURS 

0055А 005В 96 00 А CHKHR LDAA ЕНЕ 

0056А 0050 81 24 А СМРА %524 END OF А DAY ? 

0057A 005Ғ 26 03 0064 ВМЕ ТВОТ 

0058А 0061 7Ғ 0000 А CLR RHR RESET HOURS 


ТІМЕ 


0059А 0064 ОЕ 00 А ТВОТ LDX RHR HOURS/MINUTES 

0060А 0066 FF Е42С А STX HEXBUF TO НЕХ BUFFER 

0061A 0069 96 02 А LDAA RSEC SECONDS 

0062А 006B B7 E42E А ЗТАА HEXBUF+2 TO LAST DIGITS 

0063A 006Е 7E F120 А JMP DYSCOD CONVERT TO 7-SEG 

0064 * YOU WILL RETURN TO PUT AT CONCLUSION OF DYSCOD 
0065 END 


ERRORS 00000--00000 


005B CHKHR 0051 0055* 

F120 DYSCOD 0008* 0063 

E42C HEXBUF 0007% 0060 0062 

E419 MNPTR 0006* 0015 

РОВВ PUT 0005* 0016 

0000 RHR 0009* 0047 0048 0052 0054 0055 0058 0059 
0001 RMIN 0010“ 0036 0037 0041 0043 0046 

0002 RSEC 0011“ 0025 0026 0030 0032 0035 0061 
0005 START 0014: 

0064 ТВОТ 0022 0029 0034 0040 0045 0057 0059“ 
0003 ТІСК 0012% 0018 0020 0024 

000Е ТІМЕ 0014 0018“ 


After entering this program into memory using Memory Change, press 
"5" and "GO" to begin execution. 
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Comments оп 24 hour clock program "TIME" 


The technique used to measure time is called "software timing" and relies on 
the system clock accuracy and the sum of the execution times on all of the 
instructions being performed. This is а cumbersome technique to do right. 


Determine all the different paths through the program in order to accurately 
predict the program's total execution time. 


This is precisely the technique used in some digital watches, but in that 
case there is a fine adjustment to tune the clock frequency to better than 
.001% which cames out to about 5 minutes per year. Іп a typical micropro- 
cessor system, the clock speed is not adjustable and accuracy is about 0.1% 
which cames out to more than a minute a day. 


As for calculating actual program execution time, look at the program to see 
how many different paths there are just from the label "TIME" to "TBOT": 


1. Not end of tick. 

2. End of tick, not end of minute, not a tenth second. 

3. End of tick, not end of minute, second tens digit incr. 

4. End of tick, end of minute, not end of hour, not a tenth minute. 
5. End tick, end minute, not end hour, minute tens digit incr. 

6. End.tick, end minute, end hour, not end day, not a tenth hour. 
7. End tick, end minute, end hour, end day. : 


Each of the above paths through the TIME program takes a different length of 
time because a different sequence of instrucitons is followed. That's just 
part of the .task; to completely calculate the execution time, do the same 
thing to every routine being executed. Then to find the total, determine ex- 
actly how many times each path is followed and add up all those times. 
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CHAPTER 4 
ТНЕОВУ ОҒ ОРЕВАТТОМ 
General 


The MEK6802D5 allows the user to become familiar with the MC6800 family 
of microprocessors. Refer to the block diagram, Figure 4.1, and the 
component function location diagram, Figure 4.2. 


The three basic components of the 05 are (1) Џ5, the MC6802 micro- 
processor, (2) U12, the МС68А1316Е ROM, апа (3) U23, the MC6821 РТА. 


The MC6802 is the heart of the 05 system. Тһе MC6802 is an eight (8)- 
bit microprocessor that can execute 72 different instructions (exact 
instruction set of the MC6800). Included are binary and decimal arith- 
metic, logical, shift, rotate, load, store, conditional or unconditional 
branch, interrupt and stack manipulation instructions. 


The MC6802 has a set of registers and accumulators plus an internal 
clock oscillator and driver. 


For a more detailed explanation and description of the MC6802 Micro- 
processor refer to the data sheet located at the end of this manual. 


The MEK6802D5 utilizes a 3.58 MHz crystal (Yl) to control this cir- 
cuitry (this results in a system operating speed of 895 KHz). Power 
on/reset is accomplished by components R1 and С17. 


Basic to the operation of the D5 system is the Data bus (eight lines 
labeled BD@ through BD7) and the Address bus (sixteen lines labeled 
ВАЙ through ВА15). These buses interconnect to the various sections. 


The address bus is further decoded by the Address Decode Logic (U6) 
into select lines. J2 and J3 must be set properly to accomplish this. 
These jumpers are specified in the installation section of this manual 
for the various board arrangements possible. 


The ROM section is the permanent data storage. Unlike some types of 
memories, this ROM retains data whether the power is on or not. 


The ROM section consists of the D5BUG Monitor (U12) and the optional 
User ROM (U13). 94 is used to configure the user ROM socket to accept 
various types of ROMs or EPROMs. 42 is used to position U13 (user ROM) 
in memory space. J3 is used to position U12 (D5BUG) in memory space. 


The RAM section consists of a 128 byte static Random Access Memory. 
This memory will retain its stored data as long as power is supplied 
to it and can be written into and read out of as desired. 
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Тһе DS uses this RAM as а Scratch Pad, which is а temporary storage for 
program material being processed. An example of this could be a program 
that uses a set of data a large number of times during the running of the 
whole program. This device would allow that data to be referred to as 
needed, rather than being repeated over again in the main program. 


Another optional feature is the User RAM (U7 and U8). This provides the 
user with an additional (1K) bytes of memory. This feature is valuable 
when long programs must be stored. 


These memories are volatile, and power must be supplied to them to retain 
their stored data. 


The system РТА has two 8-line 1/0 ports and four control 1/0 lines for a 
total of 20 interface lines. The four control lines provide for a variety 
of hand shake applications. The two 1/0 ports are controlled by software 
to configure these 16 lines as inputs or outputs in any combination, 


The User PIA (U9), allows the processor to talk to the outside world. Th 
16 1/0 lines and 4 control lines are connected to a 24-ріп socket (014). 


The optional Bus Buffers (Ul, 02, U3) are for expanding the D5 through an 
86-pin edge connector. This is accomplished by plugging an IC in the 
supplied sockets. Note that U10, also a bus driver, is part of the basic 
D5 since the processor's R/W output cannot drive all the inputs in the 
basic system (or the bus). А11 the control signals, data, and addresses 
are available on this bus for system expansion. 


The system PIA, (U23) uses its A side to drive the anode segments of the 
LED displays and the B side to drive the LED cathodes. The processor put 
data into the register of the PIA to display on one of the LED's, then 
places data in the PIA registers to drive the next display element, etc., 
at a rapid enough rate that the display appears steady. 


The keypad is connected to the cathode drivers of the LED's so that when 
a key is depressed, an interrupt signal is generated. This interrupt 
signal causes the processor to call up a routine from D5BUG, which then 
enables it to search for the key that was closed. The PIA is used to 
enter new data or display data in the system. 
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4.2 


Addressinq 


The MEK6802D5 accesses 54 of memory space by use of 16 address lines 
Ag through A15. Тһе addresses ФЕФОО to SFFFF access parts on the 
МЕК680205 and external data buffers are not enabled for such accesses. 
The area from 50000 to 5007Ғ is RAM within the MC6802 and must be dis- 
abled by jumper option if the optional bus buffers are installed. 


When the optional edge connector bus buffers are installed, all accesses 
to addresses 50000 to SDFFF are considered to be off-board. 


The system memory map is shown in Figure 4.3, the Address Decode Map in 
Table 4.1 and the System Timing Diagram in Figure 4.4. 


4.2 Addressing (cont'd) 
FFFF Operating System Mirror (or optional user ROM) 


F800 
F 
Operating System (05806) 
F9gg 


EFF 
Optional User ROM 


E899 
Reserved 


Е700-Е701| System ACIA* 

Reserved 

System PIA 

User PIA 

System RAM 

Optional User RAM (1K) 


External to MEK6802D5 


User RAM inside MC6802 (must be disabled if 
optional Bus buffers are installed) 


*ACIA is not Supported by D5BUG software. 
FIGURE 4.3. MEMORY МАР 
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TABLE 4.2. АС OPERATING CHARACTERISTICS 


Parameter 


Cycle 


ns 


Address Setup TAS 


Address Hold TAH ns 


Write Data Valid | TDVW ns 


Write Data Hold TDHW 


Ши 


Address Delay TAD ns 


TABLE 4.3. AC OPERATING CONDITIONS 


Parameter 


Access Time4 


Data Hold Read5 


Test Conditons: 
1) Operating temperature, ТА = 25°С. 
2) Timing signals measured at 1/0 connector (50% points). 
3) 1/0 loading conditions equivalent to 74LS type devices. 
4) Measured from the rising edge of E (02). 
5) Measured from the falling edge of E (92). 


ЕСВ2) 


АО-А15, 
R/W, УМА 


00-07 
(WRITE) 


00-07 
(READ) 


FIGURE 4.4. 5Ү5ТІМ TIHING DIAGRAM 
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5.2.1 


CHAPTER 5 
MAINTENANCE 


Troubleshooting 

Troubleshooting techniques can be divided into several steps: 
a) Check and analyze operation. 
b) Test to isolate section, stage, and part. 
с) Replace the defective part. 


d) Performance test after repair. 


For all troubleshooting, refer to the system schematic, Figure 5.1, and 
to the component location diagram, Figure 6.1, in Chapter 6. 


Begin troubleshooting by checking the power supply voltages used with the 
D5. Check for secure and correct transformer connections. 


The 86-pin edge connector fingers are tin lead plated and should be 
cleaned for reliable operation. 


Use caution when replacing defective parts. Improper handling (refer to 
Chapter 2) and too much heat can destroy components. 


Standard Logic Symbols 


Digital Logic Circuits 


All digital equipment, simple or complex, is constructed from a few 
basic devices. These devices consist of electronic circuitry that pro- 
vides an output based on the input of one, two, or more variables and 
are called logic elements (most often referred to as gates). 


Digital logic circuits are broken into two basic types:  decision- 
making and memory elements. All decision logic elements monitor binary 
inputs and produce outputs based on the input states and the operational 
Characteristics of the logic element. Memory elements are used to 
store binary data. Table 5.1 gives the basic logic elements, their 
more commonly used forms, and their single binary output. All other 
digital logic elements and circuits are variations or combinations of 
these basic elements. 


TABLE 5.1. LUGIC SYMBOLS AND TRUTH TABLES 


Logic Symbol 


INVERTER | 


: Truth Table * 
Device 


tions of inputs with the respective output for each set 
of inputs. 


H = High voltage (logic 1) 


(EXCLUSIVE 

OR 

* The Truth Table is a table showing all possible combina- 
x L = Low voltage (logic 0) 


МОТЕ: 


FIGURE 5.1. 5СНЕМАТІС DIAGRAM 
Sheet 1: Index Раде 
Sheet 2: Schematic Diagram 


Sheet 3: Schematic Diagram 


This is sheet 1 of Figure 5.1. The 
Schematic diagram consists of 2 sheets. 
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СНАРТЕВ 6 
PARTS LIST 
General 
This chapter consists of Figure 6.1, Board Outline and Component Layout, 


and Table 6.1, which is a listing of parts contained in the MEK6802D5 
Microcomputer. 


TABLE 6.1. MEK6802D5 PARTS LIST 


Item | | Reference 
No. Quan, | Description Part Number | Designation | 
1 1 РС Board, Basic | МЕК680205 -- 

| 2 ү 1 Integrated Circuit MCM68A316E | U12 (D5BUG) 
3 1 Integrated Circuit | 741500 U4 
4 Ch Integrated Circuit | 741520 19 
5 1 Integrated Circuit 74L5156 u6 
6 1 Integrated Circuit 7415393 029 
7 | 1 Integrated Circuit MC6802 U5 
8 | 2 Integrated Circuit MC6821P U23, U9 
9 |. Integrated Circuit | MC6810 11 
10 3 Integrated Circuit 75452 U24, U25, U26 | 
11 1 Integrated Circuit | МС14539 027 
12 1 Integrated Circuit 7415244 10 | 
13 1 Integrated Circuit MC14584 u28 
140011 Resistor, 4.7К R9 

1/4 Watt, 5% | 
15 | 1 Resistor, 47 ohm | | o | 
/4 Watt, 5% | 
MI WORT Ызы с к Быз ыз ЫЙ. „з Пие сз гї 


TABLE 6.1. МЕК680205 PARTS LIST (cont'd) 


Reference 
Description Part Number | Designation 
Resister, 47K R1, R11 
1/4 Matt, 5% 
17 7 Resister, 68 ohm R2,R3,R4,R5, 
1/4 Matt, 5% R6,R7,R8 
18 3 Resister Package, 71,13,14 
SIP, 4.7К 
19 1 Resister Package, 72 
SIP, 4.7К 
20 1 Resistor Package, 022 
DIP, 4.7К 
21 I Capacitor, 33 pF, C34 
Mica 
22 15 Capacitor, 0.01 uF, C35 
(ceramic) 
23 2 Capacitor, 27 pF, C7,C8 
24 30 Capacitor, 0.1 uF, C1-C6,C9-C16, 
(ceramic) C18-C23,C26- 
C30,C32,C33, 
C38,C45,C46 
25 1 Capacitor, 100 uF, C37 
35 V, Elect 
26 1 Capacitor, 2.2 pF C17 
27 1 Capacitor, 1.0 uF, C31 
(ceramic) 
28 1 Capacitor, 4700 uF, C36 
16 V 
29 3. Socket, IC, 20-pin 01-03 
30 2 Socket, ІС, 18-ріп 07-08 
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TABLE 6.1. 


> 


MEK6802D5 PARTS LIST (cont'd) 


Description Part Number 


Socket, IC, 24-pin 


Socket, IC, 40-pin 


Mini- jump 
Phone Jack, Enclosed 
Test Point 


Crystal, 3.579 MHz 


Waffer Assy, 4 
LED, 7-segment 


Hex Keypad 
Trans former 


Cable Assy, 
3 Conductor 


| 
| 
| 
| 
Waffer Assy, 6 | 
| 
| 
| 


Voltage Regulator 7805 
*5 V 


Diode 1N4002 
Jumper, Zero ohm 


Transistor MPS 2907 


Heat Sink 
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Reference 


U11-U14 
05,09, 023 
J2 

P2, P3 
TP1, TP2 
Yl 


U15-U18, 
U20-U21 


T1 


VRI 


CR1, CR2 
E2 

01-07 
УВІ 


Designation 


1П0АУ1 1N3NOdWOO аму 3М111100 03909 
онн ¥ES 


7179 331913 


3 ТІ | 
| ne | 


er nono 
He goo ° 


даши 
ШІСІ 


КЕШЕ Ы 


oen GLN вп да QIN Sif 


ШШШ 


--- омалзя 
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СНАРТЕВ 7 
SOFTWARE LISTING АМ) DESCRIPTIONS 
7.1 General 
This chapter consists of the subroutine descriptions, the D5BUG software 


listing, and other useful information for the MEK680205. 


7.2 Subroutine Descriptions 


7.2.1 RESET (SF000) 
Routine: Hardware Reset (cold start) 
Descripton: Sets interrupt mask 


Clears all ВАМ from SE400-E47F 

Initializes system PIA 

Establishes default user stack pointer (SF418) 
Passes control to PROMPT routine 


7.2.2 PROMPT (SF024) 
Routine: Software Reset (warm start) 


Description: Initializes system stack pointer ($Е47Е) 
Sets-up software flags: 
ROLPAS 
UPROG 
ROIFLG 
KYFLG 
FNCFL 
Clears 7 -Seg displays 
Displays prompt symbol (-) 
tstablishes FUNSEL as active main program 


линии 
SS oo 


7.2.3 GET ($F04E) 
Routine: Subroutine to read, decode, and debounce а keypad 
switch. 
Cifects: All registers are altered by this routine. The A- 


register has the key code in it on return. 
RAM location KYFLG will have $01 in it on return 


and the code of the key that was depressed will be 
in location KEY. 
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7.2.3 GET (cont'd) 
| Routines Called: 
Stack Requirement: 


Description: 


Calling Routines: 


DLY25 
4 bytes. 


The keys of the keypad are electrically arranged in- 
to 6 rows and 4 columns. The "RS" (reset) key is 
not part of this row/column arrangement. GET is 
called when a key is depressed and the return does 
not take place until about 25 milliseconds after the 
key is released. While the key is closed, СЕТ 
searches the matrix to find the key's row then its 
column. The Row/Column information is used to ad- 
dress a look-up table from which a key code value 
is fetched. 


This code is stored to the RAM location KEY and is 
also in the A-register when GET returns. A RAM 
location called KYFLG is set to 501 to indicate 
that a key was entered, when another routine re- 
cognizes this flag, it should read the KEY code 
and clear KYFLG, to acknowledge that the key was 
seen. 


Normally the GET routine is serviced through an 
NMI which results when any key is closed but the 
interrupt output of the KPD PIA could be disabled 
allowing GET to work on a polled basis. Polling 
means that periodically the PIA's control register 
is read ("Polled") to see if a key was depressed 
since the last time the program looked. 


NMINT 
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KEY CODE SUMMARY 
W L 


< тыл EE == 

0 0 0 00 

IF Jo fı OF | 

| Е | 0 2 | 0E | 
0 0 3 j ор | 

|1 1 o [а ү 

а Са | 02 | 
3 |1 2 03 | 
C 1 3 ос | 
4 2 0 | и | 
5 2 1 05 | 

i 6 2 2 | 06 | 
в |2 3 0B | 
7 3 0 07 | 
8 3 1 08 
9 3 2 09 

| А | 3 3 0А 
Е$ 4 0 84 
FC 4 1 85 | 
PA |4 2 | 86 | 
TB |4 3 97 | 
М 5 0 ə | 
ЕХ 5 1 81 | 
RD 5 2 82 | 
60 5 3 83 


FUNCTION KEYS 


eo 


P/L 
1/8 


NOTE: 
have 
testi 


FIGURE 7.1. 


| 

Г "CODE" 
| 

| 20 

| 31 

1 
| 82 | 


Function codes 
MSB set to allow 
ng neg cond code 


KEY CODE AND FUNCTION 
SUMMARY 


7.2.4 PUT 


Routine: 


Effects: 


Routines Called: 


Stack Requirement: 


Description: 


(SFOBB) 


Utility program to display information on the 7-5ед- 
ment displays and call the active main program as a 
subroutine once each millisecond. 


The A, B, and X-registers are altered by PUT. 
DLYl, routine specified by MNPTR. 


l in addition to main program requirement (Minimum- 
3 bytes total). 


The PUT routine is the heart of the operating system 
because the displays must be continuously scanned. 
Anode information for the desired display is presen- 
ted to the parallel anode lines and the appropriate 
cathode is driven turning on the proper segments. А 
given digit is turned on for about one millisecond 
then the cathode is disabled, the anode information 
changed to that of the next digit, and the next 
cathode is enabled. 


During the short period between digits a subroutine 
who's address is stored at RAM location MNPTR is ex- 
ecuted. Upon RESET or PROMPT, MNPTR is set to the 
address of the function select routine (FUNSEL). 
When FUNSEL wishes to pass control to some other 
routine, it stores the address of that routine at 
MNPTR which 'activates' the new routine (and de-act- 
ivates FUNSEL). 


Another way of putting this is to say that the dis- 
play routine calls ‘some program' once per milli- 
Second and 'some program' is the program whose ad- 
dress is stored at RAM location MNPTR. 


The PUT routine obtains the segment information from 
a 6-byte buffer called DISBUF, which contains 7- 
segment data for the displays with the first byte 
corresponding to the leftmost display. In addition 
the B-register keeps track of which digit is to be 
enabled with the third-from-the-left bit correspond- 
ing to the leftmost display and the 15В correspond- 
ing to the rightmost display. 


NOTICE: The anode interface drivers are ground 
true so the PUT routine inverts the data in DISBUF 
before it is stored to the hardware so that the 
data in DISBUF will be high true. 
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_—_—— a О.Р. not used on MEK6802N5 


MSB 


LSB 
БЕНЕН ра в Ран 
| Узед g £ e a 


A high (1) in a bit location corresponds to a lighted display segment 
(for DISBUF only) 


7-segment bit relationship to display 


EXAMPLE: То display the character "F" the data in DISBUF would be: 


а-1 
b- 0 
c-0 
8-0 
е-1 
f-1 жан 
4-1 | / 
E ны 
Not / (| 
Used - don't саге; make 0 сп 


01110001 оғ 571 


FIGURE 7.2. CHARACTER DISPLAY 


7.2.5 DYSCOD 


7.2.6 


Routine: 


Effects: 


Routines Called: 


Stack Requirement: 


Description: 


DLY25, DLY1, DLYX 


Routine: 


Effects: 


Stack Requirement: 


Description: 


($F120) 


Convert hexadecimal data from HEXBUF into 7-segment 
codes and store in DISBUF. 


The contents of the A, B, and X-registers are saved 
and restored prior to returning from DYSCOD. 


On return the RAM locations DISBUF through DISBUF-«5 
contain the 7-segment codes for the hexadecimal 
information in HEXBUF through HEXBUF+2. 


ADDAX 
9 bytes. 


The six nibbles of hexadecimal information from 

HEXBUF through HEXBUF+2 are each converted to a byte 
of 7-segment anode information which is stored in the 
Six byte display buffer (DISBUF). The most signifi- 
cant 4 bits of location HEXBUF correspond to the 
location DISBUF and the least significant 4 bits 
of HEXBUF+2 correspond to the location DISBUF+S. 


The resulting 7-segment information is displayed on 
the D5's six LED displays by the PUT routine. The 
first byte of DISBUF corresponds to the leftmost 
display and the sixth byte (DISBUF+5) corresponds 
to the rightmost display. 


($F169) ($F171) ($F179) 


These routines cause delays of 25 milliseconds, one 
(1) millisecond, or a variable delay based on the 
value in the X-register. 


The contents of the X-register are saved and restor- 
ed prior to returning from the routines. The A and 
B-registers are not altered by the delay routines. 


2 bytes. 


Calling DLY25 ог DLY1 will cause an execution time 
delay of about 25 milliseconds or 1 millisecond re- 
spectively. Calling DLYX will cause a delay based 
on the value in the X-register according to the 
following formula: 


Г(Х-1) (8 сус) (1.11763 us/cyc)] + (27.94 us) 


7.2.6 01425, DLY1, DLYX (cont'd) 


А minimum delay of 27.94 us results from ап Х- 
register value of 1 ($0001) and a maximum delay of 
0.5842 seconds results from an X-register value of 
0 (50000 - 1 = $FFFF = 65,535). 


7.2.7 ADDAX ($F183) 
Routine: Add A-register to X-register. 
Effects: А апа X-registers altered by ADDAX. 


Stack Requirement: 2 bytes. 


Description: The value in the A-register is added to the value 
in the X-register and the result is returned in 
the X-register. 


7.2.8 CLRDS ($F195) 
Routine: Clear LED display digits per a mask in the A-register. 
Effects: The A-register is altered by CLRDS. 


The contents of the X-register are saved and re- 
stored prior to returning from CLRDS. 


Stack Requirement: 2 bytes. 


Description: Each of the low order six bits of the A-register cor- 
respond to one of the D5's LED displays with the LSB 
of the A-register corresponding to the rightmost dis- 
play. For each bit that is a logic 1, the correspon- 
ding display buffer location will be cleared result- 
ing in that display going dark. 


Example: 0011 1100 ($3C) would clear the first four LED dis- 

plays. 

7.2.9 ROLL2 (SF1AA) 
Routine: Numeric entry routine for 2-digit (l-byte) values. 
Requirements: Least significant 4-bits of A-register contain the 


new hexidecimal digit and the most significant 4- 
bits must be cleared. 
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7.2.9 


7.2.10 


ROLL2 (cont'd) 


Effects: 


Stack Requirement: 


Description: 


ROLL4 
Routine: 


Requirements: 


Effects: 


Stack Requirement: 


Description: 


ROLPAS flag (when set) indicates “first pass" which 
results in the location being cleared prior to rol- 
ling the new digit in from right. 


A-register altered by ROLL2, X-register contents 


‘saved and restored prior to return from 80112. 


2 bytes. 


The address of the location to be operated on by 
ROLL2 is specified in HEXBUF and HEXBUF+1. А new hex 
digit is passed to ROLL2 in the least significant 
4-bits of the A-register. This new digit is shifted 
in from the right so that the digit which was in the 
least significant 4-bits of the location is now in 
the most significant 4-bits. The digit which was in 
the most significant 4-bits is lost. 


If the flag ROLPAS was not equal to zero, then the 
location is cleared before the new digit is rolled in, 
ROLPAS is cleared to signal it 1$ no longer the first 
pass. 


($F1CC) 
Numeric entry routine for 4-digit (2-byte) values. 


ROLPAS flag (when set) indicates "first pass" which 
results in the locatins HEXBUF and HEXBUF+1 being 
cleared prior to rolling the new digit in from the 
right. 


The least significant 4-bits of the A-register con- 
tains the new digit and the most significant 4-bits 
of the A-register must be cleared. 


A-register is altered by ROLL4, B-register is 
saved and restored prior to returning from ROLL4. 


3 bytes. 


The locations into which КОША shifts the new digit 

are HEXBUF and HEXBUF+1. Тһе new digit is passed to 
ROLL4 in the least significant 4-bits of the A-re- 
gister. This new digit is shifted into the first two 
bytes of HEXBUF such that the new digit ends up in 
the least significant 4-bits of HEXBUF+1, What was 
іп the low 4-bits ends up in the high 4-bits of HEX- 
BUF+1 and what was in the high 4-bits of HEXBUF+1 
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7.2.10 


7.2.11 


7.2.12 


80114 (cont'd) 


RDKEY 
Routine: 


Requirements: 


Effects: 


Stack Requirement: 


Description: 


TIN 
Routine: 


Effects: 


Routines Called: 


Stack Requirement: 


Description: 


ends up in the low 4-bits of HEXBUF. What was in 
the low 4-bits of HEXBUF ends up in the high 4-bits 
of HEXBUF, and what was in the high 4-bits of HEXBUF 
is lost. 

If the ROLPAS flag was not equal: to zero then 
HEXBUF and HEXBUF+1 will be cleared prior to shift- 
ing in the new digit, and ROLPAS will be cleared to 
indicate no longer first pass. 


(ЕТЕР) 


Read and acknowledge а Кеурад key. 


Normally RDKEY would be called because KYFLG was set 
indicating that a key had been depressed. 


KEY value returned in A-register. 


KYFLG cleared to acknowledge that the key has been 
recognized. 


2 bytes. 
Load the key code from KEY into the A-register and 
clear KYFLG to acknowledqe that the key has been 
recognized. 

($F533) 

Read 1 byte of data from tape. 

The A and B-register contents are altered by TIN. 

On return the location BYTE ($E459) 


character that was recovered from фаре. 
register also contains the recovered data. 


contains the 
The A- 


FEDGE 

4 Bytes. 

TIN is used to read 1 Kansas City standard format 
character from cassette tape. The character format 
is: 


a) Logic @ Bit-Time = 4 cycles of 1200 Hz. 
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7.2.12 ТІМ (cont'd) 


7.0.13 PNCHB 


Routine: 


Effects: 


Routines Called: 


Stack Requirement: 


b) Logic 1 Bit-Time = 8 cycles of 2400 Hz. 
c) Characters consist of: 


i) 1 Logic @ Bit-Time as а "Start" bit. 
ii) 8 Data Bit-Times (LSB first). 
iii) At least 2 logic 1 Bit-Times as "Stop" Bits. 


Software timing techniques are used and an error to- 
lerant algorithm is employed to assure reliable data 
recovery. The TÍN routine is in control from before 
a start bit until just after the eighth data bit in 
the serial stream. 


During the stop bit-times the previous data character 
is processed by other software. At the 300 Baud 
data rate the stop bits take 13.3 milliseconds. 


When reading successive data characters,the software 
which processes the previous byte read must finish 
in time to call TIN at least one full cycle before 
the next start bit-time. This will allow TIN to re- 
gain synchronization with the serial data stream. 


The time required from the last cycle of the instruc- 
tion that calls TIN until the first test for an edge 
is exactly 47 processor cycles or 52.5 microseconds. 
The time from the end of the last cycle of the last 
data bit-time until the completion of TIN's RTS in- 
struction is 100 cycles or 111.2 microseconds. 
Generally it will be easy to process the previous 
character in time to get back to TIN for the succeed- 
ing character. 

($F608) 


Format and send one byte of data to the tape inter- 
face. 


The contents of the A and B-registers are altered 
during РМСНВ. 


В170, BITI, INVRT. 
6 bytes. 
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7.2.13 PNCHB (cont' d) 


Description: 


7.2.14 PUNCH 
Routine: 


Effects: 


Routines Called: 


Stack Requirement: 


Description: 


Refer to the description of TIN for the format of 
tape characters. 


Software timing techniques are used to create a 
serial stream of cycles of the proper duration to 
form Kansas City Standard audio signals. 


When punching consecutive bytes of data it is vital 
to maintain timing control between successive bytes, 
not just within the character. 


PNCHB consumes exactly 35 MPU cycles from the last 
MPU cycle of the calling instruction until the first 
start bit edge is sent. Timing is then automati- 
cally controlled by PNCHB while the character is 
being transmitted. 


After transmitting the second last edge of the last 
stop bit PNCHB returns. The edge which marks the 
completion of the last stop bit cycle also marks 
the beginning of the succeeding start bit for the 
next character. It is supplied as the first edge 
transmitted by the next call to PNCHB. 


The time allowed from the last cycle of PNCHB's RTS 
until the next edge must be transmitted is exactly 
159 MPU cycles. 

159 minus the 35 for entry to PNCHB the next time 
leaves exactly 124 cycles which must be consumed by 
external software. For example, if it takes 50 
cycles to set up for the next character, the re- 
maining 74 (124-50) cycles must be consummed іп 
dummy delays before calling PNCHB again. 

($F630) 

Format and punch an entire file to the cassette. 


The A, B, and X-register contents are altered during 
PUNCH. 


PNCHB 
8 Bytes. 


PUNCH is a time-tuned subroutine. 
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7.2.14 PUNCH (cont'd) 


7.2.15 LOAD 


Routine: 


Effects: 


Routines Called: 


Stack Requirement: 


Description: 


Before calling PUNCH store the beginning address 
of the data to be punched at RAM .ocation BEGAD 
($E460,1) and the ending address at ENDAD ($E462,3). 


The file format is as follows: 


30 seconds of $FF characters as leader. 

Віоск start character "S" ($53). 

Begin address high byte. 

Begin address low byte. 

End address high byte. 

End address low byte. 

Data in binary form starting with data at Begin 
address to and including data at End address. 
One byte checksum. Checksum is the two's com- 
plement summation of all data bytes plus the be- 
gin and end address characters. When loading, 
the simple sum of all data in the file starting 
with the first byte of the begin address and in- 
cluding the checksum character should be zero. 


т (à +m а.о C 
— es 


($F69C) 


Load or verify a D5 format tape file to memory from 
cassette. 


The A, B, and X-register contents are altered by 
LOAD. 


TIN. 
6 bytes. 


The LOAD routine is used to read a tape data file 
into memory or verify a tape file against the con- 
tents of memory. If the least significant bit of 
the flag FNCFL ($Е43Е) is set, a load takes place, 
otherwise a verify is performed. 


Normally if a checksum error is detected, an error 
message is displayed on the 7-segment LED's. 


This may be overriden by setting the MSB of FNCFL 
(ФЕАЗЕ) prior to calling LOAD. When the override 
feature is used, the Z condition code may be checked 
upon return from LOAD to determine if the load was 
acceptable. ІҒ 7 is true the load was 9004. 


GENERAL NOTE РОВ СА55ЕТТЕ ROUTINES 


The cassette routines rely on critical execution time-tuning to work 
properly. 


To use the individual routines outside the context of the D5BUG operat- 
ing system, take care to abide by the timing requirements of the indivi- 
dual routines. 


To assist in this effort, the number of processor cycles required by 
each instruction is presented as the first character(s) in the comment 
portion of each listing line for those routines. 
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Program Address Descriptions 


Мате o 
Routine 


RESET 
PROMPT 
GET 


PUT 


DYSCOD 


| 0125 
| DLYL 
Е DLYX 


ADDAX 
CLRDS 
ROLL2 


| ADDR іп D5BUG 
$F000 
$Е024 
| $FO4E 


$ЕОВВ 


$Е120 
| SF169 
| SFA7L 
$F 179 


$F 183 
| SF195 
$F 1AA 


$F1CC 


| $F1EF 
$F533 
| $2630 
$Е69С 


x 
x 
x 
| 


TABLE 7.1. 05806 USEFUL PROGRAM ADDRESSES 
(Also Refer To Complete D5BUG Listing) 


Description 


! Cold Restart 

| Warm Start 

; Routine to Read a Kev (Uses NMI routine 
Í so a user would not normally use this 


i routine directly. 


i Display Data on 7-segment readouts and 
' calls functioning subroutines. 


| Decode Hex to 7-segment. 


Delay 25 milliseconds. 


Delay 1 millisecond. 


Delay based on X-Reg (about 1/2 second 
Max). 


Add A-Register to X-Register. 

Clear display digits per A-Register mask. 
Numeric entry routine for 2-digit values 
(one byte). Address being operated on 
specified in “HEXBUF". 


Numeric entry routine for 4-digit values 


| (2-Bytes). 


Read and acknowledge key. 


+ Read 1 byte from tape. 


Format and punch a whole flie. 


Load a whole file (if "FNCFL" Z 0). 
Verify a whole file (if "FNCFL" = 0). 


*Tape routines have critically tuned execution times. Refer to de- 
tailed explanations. 
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Scratch ВАМ Descriptions 


SUMMARY OF MOST USED D5BUG SCRATCH RAM LOCATIONS 


Also See Complete D5BUG Listing) 


TABLE 7.2. 
| Name of 
Routine ADDR in D5BUG 
MNPTR $Е419,А 
КЕҮ $Е41В 
KYFLG $F41C 
DISBUF $Е410-Е422 
ROLPAS $E423 
HEXBUF $Е42С,0,Е 
USP 5Е42Ғ,30 
UCC 5Е431 
UB $E432 
UA $E433 
UX $E434,5 
UPC 5Е436,7 
UIRQV $E43C,D 
FNCFL $E43E 
FNCPNT 5Е43Ғ,40 
ВҮТЕ $Е459 
BEGAD $Е460, 1 
tailed explanations. 


Description 


Pointer to active sub-program. 
Entered key code from keypad. 


Flag to indicate а key is pending. 


(6) bytes correspond to (6) 7-segment 
displays. Contains 7-segment codes. 


| 

| Flag to indicate first digit entry. 
3-byte buffer for hexadecimal information. 
Each byte corresponds to (2) 7-segment 
display digits. 
User stack pointer pseudo-register. 


User condition codes pseudo-register. 


User B-register pseudo-register. 


User A-register pseudo-register. 


User X-register pseudo-register. 


User Program Counter pseudo-register. 


Points to user's IRQ service routine. 


Flag to indicate special (or alternate) 
function. 


Points to ADDR of user's special function 
| table. 


Data byte read from cassette or to be 
punched to cassette. 


Beginning Address (for punch). 


ENDAD $E462,3 | Ending Address (for punch). 


*Tape routines have critically tuned execution times. Refer to de- 


7.5 Hardware Address Information 


TABLE 7.3. USEFUL HARDWARE ADDRESS INFORMATION 


Item Description 


D5BUG ROM 5Ғ000 - F7FF but also "mirrors" such that contents 
(U12) shown in the listing as addresses ($F400-F7FF) also 
appear at addresses ($FCOO-FFFF). This mapping is 
controlled by jumper arrangement J2. 


User ROM ROM type controlled by 44 jumper arrangement (may be 
(013) IK x 8 or 2K x 8; single supply or triple supply; 
ROM or PROM) Mapping controlled by J3 jumper arrange 
ment may be mapped іп any combination of the ІК ad- 
dress areas ... $E800 - EBFF; $ECOO - EFFF; $Е800 - 
FBFF; ог $FCOO - FFFF. 


System Scratch RAM | Located at $E400 - E47F. This RAM is further divided 
into (3) sections: $E400 - E418 provided for user's 
stack 
$E419 - E463, D5BUG scratch RAM 
$E464 - E47F, D5BUG stack 


User RAM | $0000 - 007F inside МС6802 (05) available for user. 
(in U5) Must be disabled by jumper El if expansion buffer 
(U3) is installed. 
Optional RAM 5Е000 - E3FF optional МСМ2114 RAMs available for 
(U7, U8) user. 
| System PIA $E484 - E487 which further breaks down to: 


$E484 - Data Port A 
$E485 - Control Reg A 
$E486 - Data Port B 
$E487 - Control Reg 8 


Also incomplete address decoding causes "mirroring" 
which makes this PIA also appear at addresses which 
meet this requirement: 1110 01ХХ OXXX XO XX 

4 Regs in 

PIA 
where "X's" are don't care. The total number of 
"images" is (64) with the first image at $E484 - 
E487 and the last image at $E7F8 - Е7ЕВ. 


7.5 Hardware Address Information (cont'd) 


TABLE 7.3. 


User PIA 


ACIA 

(U33*) 
*Optional - not 
used when 
keypad 15 
present 


| OFF-BOARD 


TONNE y 


7.6 D5BUG Listing 


USEFUL HARDWARE ADDRESS INFORMATION (cont'd) 


Description 


$Е480 - E483 which further breaks down to: 
$Е480 - Data Port А 

5Е481 - Control Reg А 

SE482 - Data Port B 

SE483 - Control Reg B 


Also as with the system PIA above, incanplete Addr. 
decoding is responsible for "mirroring" at all 
addresses meeting the requirement: 1110 01ХХ 1ХХХ 
Xl XX or a total of (64) "images" with the first 
image at SE480 - E483 and the last image at SE7FC - 
E7FF. 


$E700, E701 which further breaks down to: 
$E700 Control/status register 
$E701 Data register 
Also as with the PIA's above, incanplete address de- 
coding is responsible for "mirroring" at all addresses 
meeting the requirement: 1110 0111 OXXX XXX X 
2 REGS 
In ACIA 
or a total of (64) "images" with the first image at 
$Е 700, £701 and the last image at $Е77Е, Е77Е. 


$0000 - SDFFF, this 56K address area is assumed to be 
external to the MEK6802D5 for expansion purposes. То 
use this address space, install Ul, U2, and U3 buf- 
fers and El (jumper to disable RAM in MC6802, U5). 


The following is the D58UG Program Listing. It consists of 35 pages. 


Refer to paragraph 7.7 for a description of this listing. 


ВЕЗЕТ 


0001 NAM RESET 

0002 OPT CREF , LLEN=80 

0003A F000 ORG $F000 

0004 ROSAS AREAS É Ç k 6 h k k t h h Š É h k k k ok W Ç k k R k Ë h h k h k k k k k h 444444444 

0005 * 

0006 * ВЕЗЕТ - COLD START ROUTINE 

0007 Ж 

0008 ААА SE EES 

0009А Ғ000 01 ВЕЗЕТ МОР БЕТ ТМТЕВВОРТ МА5К 

0010А Ғ001 ОҒ SEI š 

0011А F002 СЕ E3FF А LDX &SE3FF CLEAR RAM 

0012A F005 08 CLRLOP INX P 

0013A Ғ006 6F 00 A CLR 0,X К 

0014А Ғ008 8С Е487 А СРХ #5487, 

0015А Ғ00В 26 Ғ8 Ғ005 ВМЕ CLRLOP  . 

0016А FOOD CE E484 А LDX #5Е484 INITIALIZE SYSTEM PIA 

0017A Ғ010 86 7F A LDAA #$7F š 

0018А F012 А7 00 А STAA 0,Х : 

0019А Ғ014 B6 FF А LDAA #$FF š 

0020A Ғ016 А7 02 А STAA 2,Х х 

0021А Ғ018 86 06 А LDAA #$06 Е 

0022А F01A A7 01 А STAA 1,Х š 

0023A FOlC A7 03 А STAA  3,X . 

0024A FOIE CE E418 А LDX #SE418 DEFAULT USER STACK 

0025A F021 FF E42F A STX USP š 

0026 ТТТІГІЗТТТТІТІТТІІІТІГІ 22222334253 ESS SCE SET EEE EE TE 44 

0027 * 

0028 * PROMPT - ROUTINE TO SET UP PROMPT CONDITIONS 
ж 

0545 eee АХ АНА КИНА я ии ивжжуи а о иа ии кей КА 

0031A F024 ВЕ E47E A PROMPT LDS #STKTOP INIT SYSTEM STACK 

0032A F027 86 01 А LDAA #1 БЕТ FIRST РА55 

0033А F029 B7 E423 А STAA ROLPAS . 

0034A F02C 7Ғ E43B A CLR UPROG INIT FLAGS 

0035A F02F 7F E438 А CLR ROIFLG . 

0036А F032 ТР E4lC А CLR KYFLG я 

0037А F035 7F E43E А CLR FNCFL К 

0028А F038 86 40 А LDAA 4540 DISPLAY РВОМРТ 

0039A РОЗА B7 E41D A STAA DISBUF . 

040A F03D 86 1F А LDAA  $$00011111 . 

0041A РОЗЕ BD Е195 А JSR CLRDS : 

0042А F042 CE FOES А LDX #FUNSEL EXECUTE FUNCTION SELECT 

0043A F045 FF E419 A STX MNPTR š 

0044А F048 BD F7AE А JSR ENNMI ENABLE NMI 

0045A F04B 7E ҒОВВ А JMP PUT & GO 
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0048 
0049 
0050 
0051 
0052 


0054А 
0055А 
0056А 
0057А 
0058А 
0059А 
0060А 
0061А 
0062А 
0063А 
0064А 
9065А 
0066А 
0067А 
0068А 
0069A 
0070A 
0071A 
0072А 
0073А 
0074А 
0075А 
0076А 
0077А 
0078A 
0079А 
ООВОА 
0081А 
0082А 
0083A 
0084 

0085A 
0086A 
0087A 
0088A 
0089А 
0090А 
0091А 
0092А 
0093А 
0094А 
0095А 
0096 

0097 

0098 

0099 


FO4E 
F051 
F053 
F055 
F057 
F059 
F05B 
F05D 
ЕО5Е 
F061 
F063 
F065 
F068 
F06A 
Е06В 
ЕОбЕ 
Ғ070 
Ғ072 
F074 
F075 
F077 
F079 
F07A 
F07B 
F07D 
ЕО7Е 
F080 
F083 
F084 
F087 


F088 
F08A 
FO8C 
FO8F 
Е092 
Е095 
F097 
F09A 
ЕО9С 
ЕО9Е 
F0A2 


E484 A 
FF A 
00 A 
3F A 
02 А 
00 А 
06 Ғ063 
40 А 
F6 F057 
ЕВ Е04Е 
со А 
E41B А 
20 А 
Е41В А 
02 А 
00 А 
05 F079 
ЕЗ ЕОбА 
D5 FO4E 
03 Ғ080 
ҒА F07A 
Е41В А 
Е41В А 
00 А 
ЕС Ғ088 
Е169 А 
ҒОАЗ А 
2183 А 
00 А 
E41B А 
01 А 
Е41С А 
Е486 А 


KPIO 


e sy e fe d dide de Я e de do dde dr dede doe ded e dede k k h fede e e de K Y айай 


* 


* GET - ROUTINE TO READ A KEY 


* 


eode dede e de eo RR RA e de de i Fe o e o e e OR e X e e de i o de e de e de ej d oe e e # 


GET LDX 
LDAA 
STAA 
LDAA 
LPCOL STAA 
TST 
BPL 
ADDA 
всс 
ВВА 
COLFND ANDA 
STAA 
LDAB 
LPROW TBA 
ОВАА 
5ТАА 
TST 
BPL 
LSRB 
BNE 
BRA 
ROWFND CLRA 
LPFND 1588 
BCS 
INCA 
BRA 
DUNROW ROL 
ROLA 
ROL 
ROLA 
* A-REG NOW 
CLOP TST 
BPL 
JSR 
LDX 
JSR 
LDAA 
ЗТАА 
LDAB 
STAB 
LDAB 
DIDDLE RTS 
* 


* 


* 


* 


#PIA 
#5ЕЕ 
KPCOL,X 


POINT AT PIA 


TO TURN OFF DISPLAYS 


%%00111111 COL 0, ALL ROWS 


KPROW,X 
KPCOL,X 
COLFND 
#$40 
LPCOL 
СЕТ 


STORE INFO ТО KEY MATRIX 
MSB IS MUX BIT 

BIT-7 LOW MEANS COL FOUND 
INC COL BITS TO MUX 
CONTINUE FOR ALL COLS 

KEY BOUNCED, START OVER 


%%11000000 MASK ТО SAVE ONLY COL 


KEY 


WILL UPDATE LATER; JUST TEMP SAV 


#%00100000 ROW 5 


KEY 
KPROW,X 
KPCOL,X 
ROWFND 


LPROW 
GET 
DUNROW 


LPFND 
KEY 


KEY 


COPY ROW INFO TO A-REG 
COMBINE WITH COL INFO 
DRIVE KEY MATRIX 
MSB LOW - CLOSURE 


NEXT LOWER ROW BIT 

LOOP TILL ALL ROWS TRIED 

KEY BOUNCED; START OVER 
PREPARE ТО FIND BINARY ROW # 
LOOP BUILDS BINARY ROW 4 

WHEN BIT FALLS OFF; A-REG HAS $ 


A-REG IS OO00RRRCC 


CONTAINS OFFSET FOR KEY LOOK-UP 


KPCOL,X 
CLOP 
DLY25 
*KYTBL 
ADDAX 
.Х 

КЕҮ 

#1 
KYFLG 
РТАВОМ 


SEE ТЕ KEY STILL DOWN 
WAIT TILL LET UP 
DELAY TO DEBOUNCE 
POINT AT TOP OF TABLE 
CALC ADDR OF KEY CODE 
GET KEY CODE 

SAVE KEY VALUE 


INDICATE KEY PENDING 
TO CLEAR NMI 
** RETURN ** 


THIS RTS IS USED AS A DO-NOTHING SUB 
SO SYST CAN BE DISABLED EXCEPT DISPLAY 


КРІО 


0101 жежазазжитайайиаібайвеаааекоагвйеЯайзайававакайайиғайғайши 
0102 * 
0103 * KYTBL - KEY VALUE TABLE 
* 
inr LAARAAAIZZIZIILIILIIIIIITIIIIIITIIIIIIIIIPITDISRIPIIIIITITII 
0106А F0A3 00 А KYTBL FCB $00 *0' KEY 
0107А FOA4 ОР А FCB SOF "Е" 
0108A Р0А5 ОЕ А FCB $0Е "Е! 
0109А FOA6 OD А ЕСЕ SOD "p! 
0110А F0A7 01 А FCB 501 "ut 
0111А FOAS 02 А FCB 502 ЧУ 
0112А FO0A9 03 А ЕСВ 503 EL 
0113A РОАА OC А FCB SOC "с: 
0114А РОАВ 04 А FCB 504 14" 
0115А ЕОАС 05 А FCB 505 "51 
0116А FOAD 06 А FCB 506 '6' 
0117А FOAE 0B А FCB 508 "в" 
0118А FOAF 07 А ЕСВ $07 "7! 
0119А FOBO 08 А FCB 508 '8' 
0120А F0Bl 09 А FCB $09 "9! 
0121А F0B2 0А А FCB 50А ‘AY 
0122А ЕОВ 84 А FCB 584 'FS' FUNCTION SET 
0123A F0B4 85 А FCB 585 'FC' FUNCTION CLEAR 
0124А FOBS 86 А FCB 586 'P/L' PUNCH/LOAD 
0125A ЕОВ6 87 А FCB 587 "1/8" TRACE/BREAK 
0126А F0B7 80 A FCB 580 'MD' MEMORY DISPLAY 
0127А ҒОй 81 А FCB 581 'EX' ESCAPE 
0128A FOB9 82 А FCB 582 'RD' REGISTER DISPLAY 
0129A FOBA 83 А FCB $83 "во" GO 
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КРТО 


0131 W**U*ERRARRRATTARERSURRRRKEARRATERAER ERA E BR HARE AE 
0132 * 

0133 * PUT - DISPLAYS DATA IN DISBUF & CALLS THE 

0134 * FUNCTIONING SUBROUTINE 

0135 * 

0136 кри анали НИНА КАА й я 


0137А FOBB C6 20 A PUT LDAB %%00100000 INIT DIG ENABLE PATTERN 
0138A FOBD СЕ E41A А ІРІР LDX $DISBUF-3 POINT AT DISPLAY BUFFER 


0139А FOCO 17 ТВА МАКЕ ЕХТВА СОРУ 

01404 ЕОС1 08 ГР2Р INX POINT AT NXT DIGIT INFO 
0141A FOC2 48 ASLA ADD 1 TO 'X' FOR EACH SHIFT 
0142A РОСЗ 24 FC ЕОС1 BCC LP2P LOOP DEVELOPS DIGIT INFO ADDR 
0143A ҒОС5 А6 00 А LDAA IX GET SEG INFO 

0144A FOC? 43 COMA ANODE DRIVERS ARE GND TRUE 
0145A FOC8 B7 E484 A 5ТАА ANOD STORE ANODE INFO TO PIA 
0146А FOCB Е7 Е486 А 5ТАВ САТН ENABLE DIGIT CATHODE 

0147А FOCE BD F171 А JSR DLYl ON FOR 1 MILLISECOND 

0148A Е001 86 FF A LDAA #311111111 1'S TURN OFF SEGS 

0149A FOD3 B7 E484 А 5ТАА ANOD TURN OFF ALL SEGS 

0150А FOD6 B7 Е486 А 5ТАА САТН ENABLE АШ, КРО ROWS 

0151А FOD9 37 Р5НВ HAS ROTATING DIGIT ENABLE 
С152А FODA FE E419 А LDX MNPTR GET ADDRESS OF ACTIVE MAIN PROG 
0153A FODD AD 00 A JSR IX EXECUTE IT 

0154 НАДА 

0155 **** SEE MANUAL 

0156 паяк 

0157А FODF 33 РОВ RECOVER DIGIT ENABLE 

0158A FOEO 54 LSRB NEXT DIGIT 

0159A FOEl 26 DA FOBD BNE LPlP NOT THRU WHOLE CYCLE 

0160А FOE3 20 D6 FOBB BRA PUT PAST LAST DIGIT 

0161 Ы 
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0164 
0165 
0166 
0167 
0168 
0169А 
0170А 
0171А 
0172 
0173А 
0174А 
0175А 
0176А 
0177А 
0178А 
0179А 
0180А 
0181 
0182А 
0183А 
0184 
0185А 
0186А 
0187А 
0188А 
0189А 
0190 
0191 
0192А 
0193А 
0194А 
0195А 
0196А 
0197А 
0198А 
0199А 
0200 
0201 


FOES 
FOES 
FOEA 


FOEB 
FOEE 
FOFO 
FOF3 
FOFS 
FOF8 
FOFB 
FOFD 


F100 
F103 


F105 
F108 
F109 
F10C 
Ғ10Е 


Е110 
F112 
Ғ114 
F116 
F118 
PLIA 
Е11С 
FllE 


> > > > > > > > 


FUNSEL 


а EEE E EEEE 


* 


* FUNSEL - ROUTINE TO SELECT A FUNCTION FROM A KEY INPUT 
* 


dee de dede he oe de dee de ode dede deed e o e d de e i de d e e ed d e d RS AREER d d e а 


FUNSEL TST 
BNE 
RTS 

* 

KEYNOW JSR 
BMI 
TST 
BNE 
JSR 
JSR 
LDAA 
JMP 


UFNK LDX 
BRA 


FUNKY  LDX 

HASH ASLA 
JSR 
LDX 
JMP 


SYSFNC FDB 
FDB 
FDB 
FDB 
FDB 
FDB 
FDB 
FDB 


KYFLG KEY PENDING ? 
KEYNOW YES,TEST IT 
** RETURN ** NO KEY PENDING 
RDKEY GET & ACKNOWLEDGE KEY 
FUNKY IF FUNCTION KEY 
FNCFL 
UFNK 
ROLL4 # ENTRY SO ROLL IT IN 
DYSCOD CONVERT TO 7-SEG 
#з00000011 
CLRDS BLANK LAST 2 DIGITS 
FNCPNT POINT AT USER FUNCTION TABLE 
HASH . 
#SYSFNC POINT AT SYSTEM FUNCTION TBL 
2 BYTES PER ENTRY 
ADDAX DEVELOP POINTER 
Xx GET JMP ADDR 
X ** GO THERE ** 
MEMBEG "мр" 
PROMPT "ЕХ" 
КЕСВЕС "вр" 
со "во" 
FSET "ES" 
FCLR "EG 
TAPBEG 'P/L' 
BRKBEG 'т/в' 
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0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211А 
0212А 
0213А 
0214А 
0215А 
0216А 
0217А 
0218A 
0219A 
0220A 
0221A 
0222А 
0223А 
0224А 
0225А 
0226А 
0227А 
0228А 
0229А 
0230А 
0231А 
0232А 
0233А 
02344 
0235A 
0236A 
0237A 
0238A 
0239A 
0240A 
02414 
0242А 
0243 
0244 
0245А 
0246А 
0247А 
0248A 
02494 
02504 
0251А 
0252А 
0253А 
02534 
02554 
02564 
0257А 
0258А 
0259А 
260А 


F120 
F121 
F122 
F125 
F128 
Е12А 
F12B 
F12C 
F12D 
Е12Е 
Е12Е 
F131 
F132 
F133 
F134 
F137 
F139 
F13C 
F13E 
F141 
F144 
F145 
F148 
Е14А 
F14D 
F14F 
F150 
F151 
F153 
Ғ156 
F157 
F158 


F159 
F15A 
F15B 
FISC 
Ғ15р 
Е15Е 
Е15Е 
Ғ160 
F161 
F162 
F163 
F164 
F165 
F166 
F167 
F168 


OF 


3F 
06 
5B 
4Е 
66 
бр 
7D 
07 
7Е 
67 
77 


- 
7 


39 
5Е 
79 
71 


>>> 


>» > ри ди и Хе и > (е ре и фи фи пе Ви 


MISC 


пазазавваваиз аа ваза завая в таза авъй вас аяеивк ай # наи 


* MISC - MISC ROUTINES 
* 


ззавявана на аи за врйяянз пажваз аз пя EET AREER EET 
% DECODE НЕХ ТО 7-5ЕСМЕМТ š 
* 


DYSCOD PSHA 
PSHB 
5ТХ 
LDX 

LPOl LDAA 
TAB 
LSRB 
LSRB 
LSRB 
LSRB 
ANDA 
PSHB 
PSHA 
INX 
СРХ 
ВНЕ 
LDX 
LDAB 

LP02 STX 
LDX 
PULA 
JSR 
LDAA 
LDX 
STAA 
DEX 
DECB 
BPL 
LDX 
PULB 
PULA 


RTS 
ж 


ж 


DYSTBL ЕСВ 
РСВ 
ЕСВ 
ЕСВ 
ЕСВ 
ҒСВ 
ЕСВ 
ЕСВ 
ЕСВ 
ЕСВ 
ЕСВ 
ЕСВ 
ЕСВ 
ЕСВ 
ЕСВ 
ЕСВ 


XSAV1 
#HEXBUF 
.Х 


$$0F 


SAVE REGS 


POINT AT HEX INFO 

GET HEX BYTE 

MAKE EXTRA COPY 

RIGHT JUSTIFY HIGH NIBBLE 


HIGH ORDER DIGIT IN B-REG 
LOW ORDER DIGIT IN A-REG 
SAVE ON STACK 


NEXT HEX BYTE 


#HEXBUF+3 DONE ? 


LPOl 


LOOP 3 TIMES 


#DISBUF+5 LAST DISPLAY BUFFER DIGIT 


#5 
ХТМР1 
#DYSTBL 


LOOP INDEX 

SAVE TEMPORARILY 

POINT AT LOOK-UP TABLE 

GET А HEX DIGIT TO CONVERT 
POINT AT 7-SEG EQUIV 

GET IT 

RECOVER POINTER TO DISP BUFFER 
STORE CONVERTED DIG 

NEXT DISPLAY POS 

LOOP INDEX 

CONTINUE FOR 6 DIGITS 
RECOVER ENTRY STATUS 


** RETURN ** 


$00111111 "0" 
$00000110 "1" 
$01011011 '2' 
$01001111 '3' 
$01100110 "4" 
$01101101 "5" 


$01111101 
$0000011i 


"6" 
"T 


$01111111 "8" 


%01100111 
%01110111 


gt 
"А! 


%01111100 “в: 


%00111001 
%01011110 
%01111001 
%01110001 
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tc 
тр: 
"Е: 
tpt 


0262 

0263 

0264 

0265А 
0266А 
0267А 
0268А 
0269А 
0270А 
0271А 
0272А 
0273А 
0274А 
0275А 
0276 

0277 

0278 

0279А 
0280A 
0281A 
0282A 
0283A 
0284A 
0285A 
0286 

0287 

0288 

0289А 
0290А 
0291А 
0292А 
0293А 
0294А 
0295А 
0296А 
0297А 
0298А 
0299 

0300А 
0301А 
0302А 
0303А 
0304А 
0305А 
0306А 
0307А 
0308А 
0309А 
0310А 
0311А 
0312А 
0313А 
0314А 


Е169 
Fl6C 
Е16Е 
Е171 
Ғ174 
2177 
Ғ179 
Ғ17С 
2170 
F17F 
F182 


F183 
F186 
F189 
F18C 
ЕЈВЕ 
F191 
F194 


F195 
F198 
F19B 
Е19С 
Е19Е 
РАО 
FlAl 
F1A4 
Е1А6 
Е1А9 


ЕЈАА 
FlAD 
F1BO 
F1B3 
Е185 
Ғівв 
Е1ВА 
ЕЈВС 
ЕЈВЕ 
F1C0 
F1C2 
F1C4 
F1C6 
F1C8 
F1CB 


Е424 А 
ОАЕА А 
0B Е17С 
Е424 А 
0060 А 
03 F17C 
E424 A 


FD F17C 
E424 А 


E424 А 
E425 A 
E425 A 
03 F191 
E424 А 
E424 А 


E426 А 
E422 А 


02 Е1А0 
00 А 


E41C А 
F5 F19B 
E426 A 


MISC 


* 


* DELAY SUBS 
* 


DLY25 


DLY1 


DLYX 
DLYLP 


* 


STX 
LDX 
BRA 
STX 
LDX 
BRA 
STX 
DEX 
BNE 
LDX 
RTS 


XSAVD 
$2794 
DLYLP 
XSAVD 
#109 

DLYLP 
XSAVD 


DLYLP 
XSAVD 


SAVE X ENTRY VALUE 
25 MS ENTRY POINT 


SAVE ENTRY VAL 
1 MS COUNT 


REQUIRED FOR SIMILARITY TO DLY1/25 


LOOP TILL Х=0 
RECOVER ENTRY VALUE 
** RETURN ** 


* SUBROUTINE TO ADD Х=Х+А 
* 


ADDAX 


ARND 


* 


STX 
ADDA 
5ТАА 
BCC 
INC 
LDX 
RTS 


XSAVD 
XSAVD*1 
XSAVD*1 
ARND 
XSAVD 
XSAVD 


TO ALLOW CALCS 

ADD LOW BYTES 

UPDATE 

IF NO CARRY; YOU'RE DONE 
ADD CARRY TO HIGH BYTE 
RESULT TO X-REG 

** RETURN ** 


* CLEAR DISPLAY PER A-REG 
* 


CLRDS 
CLRLP 


ARNCLR 


ROLL2 


ARNCL2 


R20UT 


STX 
LDX 
LSRA 
BCC 
CLR 
DEX 
CPX 
BNE 
LDX 
RTS 


STX 
LDX 


Х5АУ1 


ЗАУЕ ENTRY VALUE 


#DISBUF+S RIGHTMOST DIGIT 


ARNCLR 
x 


IF BIT IN A-REG NOT SET 
NEXT DISPLAY 


#DISBUF-1 DONE ? 


CLRLP 
Х5АУ1 
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CONTINUE 6 TIMES 
RECOVER ENTRY VALUE 
** RETURN ** 


ЗАУЕ ENTRY VALUE 
ADDR TO ROLL 
FIRST PASS ? 


THIS WAS PASS 1 
CLEAR LOC ON FIRST PASS 


SHIFT ROLL BYTE 4 PLACES 
COMBINE NEW DATA 

UPDATE LOC 

RECOVER ENTRY VAL 

%% RETURN ** 


0316 

0317 

0318 

0319А 
0320А 
0321А 
0322А 
0323А 
0324А 
0325А 
0326А 
0327А 
0328А 
0329А 
0330А 
0331А 
0332А 
0333А 
0334А 
0335А 
0336А 
0337А 
0338 

0339А 
0340А 
0341А 


PICC 
F1CD 
Е100 
2102 
2105 
2108 
FlDB 
FlDD 
FIDE 
F1DF 
Ғ1Е0 
FlEl 
ЕЈЕЗ 
Р1Е4 
FlE7 
FlEA 
FlEB 
FlED 
FlEE 


FlEF 
ЕЈЕ2 
FlF5 


03 A 


E42D A 
E42C А 


F6 FlE3 


Е41С А 
E41B А 


MISC 


* ROLL 4 HEX INTO HEXBUF 
* 


ROLL4 


ARNCL4 


RO4LP 


R4OUT 


* 
RDKEY 


SAVE ENTRY VALUES 
ROLPAS PASS 1? 
ARNCL4 NO, CONTINUE 
ROLPAS YES,CLEAR FIRST PASS FLAG & 
HEXBUF CLR FIRST 4 DIGITS ON FIRST PASS 
HEXBUF+1 THEN PUT NEW DATA IN 4TH 
R40UT . 

LEFT JUSTIFY NEW DIGIT 


$3 LOOP INDEX 
ROLLA INTO HEXBUF 
HEXBUF*1 . 
HEXBUF . 
RO4LP 


RECOVER B-REG 
** RETURN ** 


KYFLG READ & ACKNOWLEDGE KEY 
KEY . 
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0344 

0345 

0346 

0347 

0348 

0349А 
0350А 
0351А 
0352А 
0353А 
0354 

0355А 
0356А 
0357А 
0358 

0359А 
0360А 
0361А 
0362А 
0363A 
0364А 
0365А 
0366А 
0367А 
0368A 
0369A 
0370A 
0371 

0372А 
0373А 
0374А 
0375А 
0376А 
0377А 
0378А 
0379А 
0380А 
0381А 
0382А 
0383А 
0384А 
0385А 
0386А 
0387А 
0388А 
0389А 
0390А 
0391А 
0392А 
0393 

0394А 
0395А 
0396А 
0397А 
0398А 
0399А 
0400А 
0401А 


F1F6 
FlF9 
FlFC 
FlFF 
F202 


F205 
F208 
F20A 


F20B 
F20E 
F211 
F214 
F216 
F218 
F219 
F21B 
F21E 
F221 
F224 
F227 


F228 
F22A 
F22C 
F22F 
F230 
F233 
F236 
F239 
F23C 
F23F 
F240 
F242 
F243 
F244 
F246 
F249 
F24C 
F24E 
F251 
F253 
F256 


F257 
F25A 
F25D 
F260 
F262 
F265 
F267 
F26A 


F205 А 
E419 A 
E43£ А 
E42C А 
F2BA А 
Е41С А 
01 F20B 
ЕЈЕЕ А 
Е42С А 
E43E А 
77 F28D 
53 F26B 
00 F228 
FlCC А 
F120 А 
0077 А 
E421 А 
83 А 
ЕВ Е227 
Е42С А 
E42C А 
E42D А 
E42C А 
E42B А 
Е42А А 
01 F243 
11 F257 
Е42Е А 
F120 А 
3C A 
2195 А 
80 A 
E43E A 
BADO А 
E42C A 
F120 A 
07 А 
Е195 А 
ЕЕ А 
Е4ЗЕ А 


МЕМСН 


взазинанизя ии иикхийи кииза в ника хинкияияй AAA 


ж 


* МЕМСН - МЕМОВУ CHANGE/DISPLAY/OFFSET ROUTINE 
* 


e ee ee eee de e e e d de e fe de d e e # d e e dede «ии de e e ee e d ESSER x 


MEMBEG LDX 
STX 
CLR 
LDX 
JMP 


MEMCH TST 
BNE 
RTS 


MEMNOW JSR 
LDX 
LDAB 
ВЕО 
BMI 
Т5ТА 
ВМТ 
JSR 
OFFOUT JSR 
OFFEND LDX 
STX 
OFFRET RTS 
* 


OFFUN СМРА 
BNE 
LDX 
DEX 
STX 
LDAA 
LDAB 
SUBA 
SBCB 
TSTA 
BPL 
INCB 

ARNINC TSTB 
BNE 
5ТАА 
JSR 
LDAA 
JSR 
LDAA 
STAA 
RTS 

* 

BADOFF LDX 
STX 
JSR 
LDAA 
JSR 
LDAA 
ЗТАА 
RTS 


#МЕМСН 
MNPTR INIT MAIN POINTER 
FNCFL SET FUNCTION FLAG TO ZERO 
HEXBUF POINT AT ADDR TO DISPLAY 
NEWMEM EXIT TO UPDATE DISPLAY 
KYFLG SEE IF ANY KEY PENDING 
MEMNOW 
** RETURN ** 
RDKEY GET & ACKNOWLEDGE KEY 
HEXBUF SAVES STEPS LATER 
FNCFL SEE IF IN OFFSET MODE 
NORMAL (NOT OFFSET MODE) 
CALDUN IF OFFSET CALC FINISHED 
CHECK KEY 
OFFUN IF FUNCTION KEY 
ROLL4 ENTER NUMBER KEY 
DYSCOD CONVERT TO 7-SEG 
%50077 "А" 
DISBUF+4 STORE ТО LAST DIGITS 
** RETURN ** 
%583 "со" ? 
OFFRET IF NOT; EXIT 
HEXBUF GET DESTINATION OF BRANCH 
ADJ INSTEAD OF ADJ'ING THE SOURCE 
HEXBUF UPDATE 
HEXBUF*1 LOW BYTE OF DESTINATION 
HEXBUF HI BYTE 
МЕМЗАУ+1 SUBTRACT LOW BYTES 
MEMSAV SUBTRACT W/ CARRY 
CHECH POLARITY OF LOW ORDER RESULT 
ARNINC IF LO POS DON'T INC HI 
IF LOW WAS NEG INC HI ЕЕ - 500 
IF B NOW ZERO; OFFSET IS IN RANGE 
BADOFF IF NOT; TOO FAR 
HEXBUF*2 SAVE RESULT 
DYSCOD CONVERT TO 7-SEG 
%%00111100 CLEAR FIRST 4 DISPLAYS 
CLRDS 
%580 
FNCFL INDICATE CALC DONE; & OK 
** RETURN ** 
#SBADO 
HEXBUF 
DYSCOD WRITE "BAD" IN FIRST 3 DISPLAYS 
#%00000111 
CLRDS CLEAR UNUSED DIGITS 
%5ЕҒ 
FNCFL INDICATE OFFSET NOT VALID 
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** RETURN ** 


МЕМСН 


0402 . 

0403А Ғ26В 5С CALDUN INCB IF IT WAS $FF IT'S NOW 0 
0404A F26C 27 13 F281 BEQ ВАРСА. OFFSET WAS BAD 

0405A F26E FE E42A А LDX | MEMSAV RECOVER MEM ADDR 
0406A F271 81 85 A СМРА %585 FUNCTION CLEAR KEY ? 
0407А F273 27 13 F288 BEQ МЕМВАК  YES,DONT SAVE OFFSET 
0408A F275 81 83 A СМРА %583 "60" ? 

0409А Е277 26 АЕ Е227 BNE OFFRET "СО" IS ONLY VALID KEY HERE 
0410А Е279 В6 Е42Е А LDAA НЕХВОЕ+2 GET CALC'D OFFSET 
0411A F27C A7 00 А STAA ,Х STORE ТО МЕМ 

0412А Р27Е 08 INX ADV TO NEXT MEM ADDR 
0413A F27F 20 07 F288 BRA МЕМВАК BACK ТО MEM CHANGE 
0414 * 

0415A F281 81 80 А BADCAL СМРА #$80 'MD' ? 

0416A F283 26 A2 F227 BNE OFFRET  'MD' IS THE ONLY VALID KEY HERE 
0417A F285 FE Е42А А LDX МЕМЗАУ RECOVER MEM ADDRESS 
0418A F288 7F E43E A MEMBAK CLR FNCFL SIGNAL NOT IN OFFSET MODE 
0419А F28B 20 2D F2BA | BRA МЕЙМЕМ RE-ENTER MEM CHANGE 
0420 

0421A F28D 4D NORMAL TSTA SET COND CODES 

0422А F28E 2A 25 Е2В5 BPL МОМ IF NUMBER KEY 

0423A F290 81 80 A СМРА %580 "мо" ? 

0424A F292 26 03 F297 BNE NXM1 NO,CHECK FOR "GO" 
0425A F294 09 DEX YES,BACK UP 

0426А F295 20 23 F2BA BRA МЕММЕМ . 

0427 * 

0428A F297 81 83 А NXMl  CMPA #583 "во: ? 

0429A F299 26 03 F29E BNE NXM2 МО,СНЕСК РОВ "Е5" 
0430А Ғ29В 08 INX YES,ADVANCE 

0431А F29C 20 1С F2BA BRA NEWMEM . 

0432А Ғ29Е 81 84 А NXM2 СМРА %584 "50? 

0433A F2A0 26 1р F2BF BNE МЕМООТ МО MORE VALID KEYS 
0434A F2A2 86 3F А LDAA #300111111 

0435A F2A4 BD F195 А JSR CLRDS р 

0436А Е2А7 86 01 А LDAA #1 К 

0437А F2A9 B7 E43E А STAA  FNCFL SET OFFSET MODE 
0438A F2AC B7 E423 A STAA  ROLPAS SET FIRST PASS 

0439A F2AF FF E42A А STX МЕМЅАУ SAVE МЕМ CHG POINTER 
0440A F2B2 7E F221 A JMP OFFEND 

0441 * 

0442А F2B5 BD FlAA А NUM JSR ROLL2 ENTER NEW DIGIT 
0443A Е2В8 20 05 F2BF BRA  MEMOUT DON'T SET FIRST PASS 
0444 * 

0445A F2BA 86 01 A NEWMEM LDAA #1 

0446A F2BC B7 E423 A STAA  ROLPAS SET FIRST PASS FLAG 
0447 * 

0448A F2BF A6 00 A MEMOUT LDAA ,X GET DATA TO DISPLAY 
0449A F2Cl B7 E42E A STAA НЕХВОҒ+2 UPDATE HEX BUFFER 
0450А Е2С4 FF E42C А STX HEXBUF UPDATE ADDR 

04514 F2C7 7E F120 А, УМР DYSCOD CONV TO 7-SEG 
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0456 

0457 

0458 

0459 

0460 

0461 

0462А 
0463А 
0464А 
0465А 
0466А 
0467А 
0468А 
0469А 
0470А 
0471А 
0472А 
0473А 
0474А 
0475 

0476А 
0477А 
0478А 
0479 

0480А 
0481А 
0482А 
0483А 
0484 

0485А 
0486А 
0487А 
0488А 
0489А 
0490А 
0491А 
0492А 
0493 

0494А 
0495А 
0496А 
0497А 
0498А 
0499А 
0500А 
0501А 
0502А 
0503А 
0504 

0505А 
0506А 
0507А 
0508А 
0509 

0510А 
0511А 
0512А 
0513А 


F2CA 
F2CD 
F2CF 
F2D2 
F2D5 
F2D8 
F2DB 
F2DE 
F2El 
Ғ2Е4 
Е2Е7 
F2E9 
F2EC 


F2EE 
F2F1 
F2F3 


F2F4 
F2F7 
F2F9 
F2FC 


F2FE 
F300 
F302 
F305 
F306 
F308 
F30A 
F30D 


F30F 
F311 
F313 
F316 
F317 
F319 
F31B 
ЕЗІС 
ЕЗ1Ё 
F321 


F324 
F326 
F328 
F32B 


F32E 
F331 
F332 
F333 


E43E A 
06 Е205 
E43E A 
F4DC А 
F2EE А 
Е419 А 
ҒОВВ А 
E47D А 
Е47С А 
E441 А 
01 А 
Е423 А 
40 ЕЗ2Е 
Е41С А 
01 F2F4 
ЕЈЕЕ А 
05 Е2ҒЕ 
FICC А 
30 ЕЗ2Е 
80 А 
OD ЕЗОЕ 
Е441 А 
02 F30A 
95 А 
Е441 А 
10 ЕЗЈЕ 
83 А 
11 Ғ324 
Е441 А 
06 А 
01 ЕЗІС 
Е441 А 
01 А 
Е423 А 
87 А 
06 ЕЗ2Е 
Е2СА А 
Е701 А 
Е441 А 
ЕЗ70 А 


REGDIS 


dede federe de ded de d d dj A d de de d d d e e i e ха eee d e Red e d # 


* 


* REGDIS - REGISTER DISPLAY/CHANGE ROUTINE 
* 


de de e hee ee de e e ЕК ааа de e de e e de e eh e e e ie e de e d Hr i e dee e de de o d d кина 


* 


REGBEG TST 
BEQ 
CLR 
JMP 

NOTVRF LDX 
STX 
LDX 
STX 
LDS 
CLR 
LDAA 
5ТАА 
ВВА 

* 

REGDIS TST 
BNE 
RTS 

* 

REGNOW JSR 
BMI 
JSR 
BRA 

* 

REGFNC CMPA 
BNE 
LDAA 
DECA 
BPL 
LDAA 

ARNRl STAA 
BRA 


NXR1 CMPA 
BNE 
LDAA 
INCA 
CMPA 
BNE 
CLRA 

ARNR2 STAA 

NEWREG LDAA 
STAA 

* 

RUNONE CMPA 
BNE 
LDX 
JMP 


REGOUT LDAA 
ASLA 
ASLA 
LDX 


FNCFL 
NOTVRF 
FNCFL 
LDTAP 
#REGDIS 
MNPTR 
#PUT 


SEE IF IN VERIFY 


SIGNAL VERIFY 
GO VERIFY TAPE 


INIT MAIN POINTER 
SET SO RTS... 


STKTOP-1 WILL BE TO PUT 
$STKTOP-2 INIT STACKPOINTER 


REGNO 
#1 
ROLPAS 
REGOUT 


KYFLG 
REGNOW 


RDKEY 
REGFNC 
ROLL4 
REGOUT 


%587 
REGOUT 
$REGBEG 
ROI 


REGNO 


#REGTBL 
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INIT REG # = UPC 


INDICATE FIRST PASS 
TO UPDATE DISPLAY 


SEE IF ANY KEY PENDING 
** RETURN ** NO KEY 


GET & ACKNOWLEDGE KEY 
IF FUNCTION KEY 


UPDATE DISPLAY & EXIT 
"мо" ? 


МВАР AROUND 
UPDATE . 
SET UP NEW REG ON EXIT 


"60" 
IGNORE INVALID ENTRY 


PAST ? 


WRAP AROUND 
UPDATE 


T/B KEY ? 
NO,RETURN 
YES,SET UP RETURN ADDR 


4-BYTES PER BLOCK ENTRY 
TOP OF INFO TABLE 


REGDIS 


0514A F336 BD F183 
0515А F339 А6 03 
0516А РЗЗВ 36 
0517А ЕЗЗС Аб 02 
0518А РЗЗЕ 36 
0519А ЕЗЗЕ ЕЕ 00 


А JSR ADDAX POINT AT TABLE ENTRY 
А LDAA 3,X GET 7-SEG INFO 
PSHA SAVE ON STACK 
A LDAA 2,X . 
PSHA . 
А LDX „Ху СЕТ ADDR OF DESIRED ВЕС 
0520A F341 7D E423 A TST ROLPAS SEE IF NEW REG 
0521А F344 27 ОА F350 BEQ NOTNEW 
0522А F346 А6 00 А LDAA ‚X STORE CURRENT VAL TO DISPLAY 
0523A F348 B7 E42C A STAA HEXBUF . 
0524А ЕЗ4В Аб 01 А LDAA 1,Х . 
0525А F34D B7 E42D А 5ТАА НЕХВОЕ+1 . 
0526 
А 
А 
А 


0527А F350 BD Е120 NOTNEW JSR DYSCOD TO CONVERT TO 7-SEG 


0528A F353 32 PULA RECOVER DISPLAY CODES 
0529А F354 B7 E421 5ТАА DISBUF+4 5 STORE TO DISP BUFFER 
0530A F357 32 PULA . 

0531А F358 B7 E422 STAA DISBUF+S . 

0532А F35B 2A 08 F365 BPL ARNR3 . 

0533A F35D ТЕ Е410 А CLR DISBUF CLEAR UNUSED DISPLAYS 
0534А F360 7F Е41Е А CLR DISBUF+1 . 

0535А F363 20 05 F36A ВВА ONLY1 . 

0536A F365 B6 E42C А ARNR3 LDAA HEXBUF UPDATE HIGH OF PSEUDO REG 
0537А F368 А7 00 А ЗТАА 4 . 

0538A F36A B6 E42D A ОМГУ} LDAA НЕХВЈҒ+1 . 

0539A F36D A7 01 A STAA 1,х UPDATE LOW ВУТЕ 

0540А F36F 39 RTS ** RETURN ** 

0541 * 

0542 * 

0543A F370 E436 А REGTBL РОВ ОРС 

0544А F372 73 А ЕСВ %01110011,%00111001 

0545 т 

0546А F374 Е432 А РОВ UA-1 

0547A F376 00 А ЕСВ %00000000,%11110111 

0548 * 

0549А #378 Е431 А FDB UB-1 

0550A F37A 00 А z FCB %00000000,%11111100 

0551 

0552A F37C E434 А FDB ох 

9553A F37E 06 А š FCB %00000110,%01011110 

0554 

0555А F380 E42F A FDB USP 

0556A F382 6D A FCB %01101101,%01110011 

0557 ж 

0558A F384 Е430 А РОВ UCC-1 

0559A F386 39 A FCB %00111001,%10111001 


0560 ж 
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0564 

0565 

0566 

0567 

0568 

0569А 
0570А 
0571А 
0572А 
0573А 
0574А 
0575А 
0576А 
0577А 
0578А 
0579А 
0580А 
0581А 
0582А 
0583A 
0584A 
0585A 
0586A 
0587А 
0588A 
0589A 
0590A 
0591A 
0592A 
0593 

0594 

0595 

0596A 
0597А 
0598А 
0599А 
0600А 
0601А 
0602А 
0603A 
0604A 
0605A 
0606А 
0607А 
0608А 
0609А 
0610А 
0611А 
0612А 
0613A 
0614A 
0615A 
0616A 
0617A 


F388 
F38B 
F38D 
ЕЗВЕ 
F391 
F394 
F396 
F399 
F39C 
F39F 
ЕЗАЈ 
ЕЗА2 
ЕЗА5 
ЕЗА7 
F3A9 
F3AC 
F3AF 
F3Bl 
F3B3 
F3B5 
F3B7 
F3B9 
F3BC 
F3BE 


F3CO 
F3C3 
F3C6 
ЕЗСВ 
ЕЗСВ 
ЕЗСС 
F3CD 
F3CE 
F3CF 
F3D2 
F3D4 
F3D7 
F3D9 
F3DB 
F3DE 
F3E0 
ЕЗЕЗ 
F3E6 
F3E9 
F3EB 
F3ED 
ЕЗЕО 


OF A 
06 F3AF 
FICC А 
F120 А 
84 A 
02 F3B5 
3С ЕЗГІ 
85 A 
03 F3BC 
F42E A 
83 A 
30 ЕЗЕО 


E444 А 
Е42Е А 
1В ЕЗЕЗ 
Е442 А 


Е459 А 
03 #307 
Е445 А 
03 А 
FO ЕЗСВ 
Е442 А 
00 А 
E42C А 
Е120 А 
Е444 А 
05 ЕЗЕО 
РЕ А 
2195 А 


BRKBEG 


dede deo se o d d hdd ded ded d d eR A n d Re d b d d n ан СЕКА 


* BRKBEG - BREAKPOINT EDITOR 
* 


dede ode d e de de do de de e dede dede doo di e e E e e d de de e e d e d d d i e e e 


BRKBEG TST 
BNE 
RTS 
BRKEDT LDX 
STX 
LDAA 
ЗТАА 
ЈМР 
BRKPNT TST 
BNE 
RTS 
BRKTST JSR 
СМРА 
BHI 
JSR 
JMP 
NOTHEX CMPA 
BNE 
BRA 
CKFC CMPA 
BNE 
JMP 
CKGO CMPA 


BNE 
* 


FNCFL 
BRKEDT 


#BRKPNT 
MNPTR 
%501 
ВОГРА5 
DISBRK 
KYFLG 
BRKTST 


RDKEY 
#50Е 
МОТНЕХ 
ROLL4 
DYSCOD 
%584 
СКЕС 
BKTOTB 
%585 
сксо 
ВКЕМТВ 
%583 
DISDUN 


FUNCTION FLAG SET ? 

YES,EDIT BREAKPIONTS 

МО,ТАКЕ NO ACTION 

SET MNPTR WITH BREAKPOINT ROUTINE 


SET UP FOR ADDR INPUT 


DISPLAY NEXT BKPT 

KEY PENDING ? 

YES,DECODE KEY ? 

NO,RETURN TO PUT 

GET & ACKNOWLEDGE KEY 

HEX ? 

NO,CHECK FOR FUNCTION 

YES, ROLL INTO HEXBUF 
DISPLAY  & RETURN TO PUT 
FS KEY ? 

NO,TRY FC : 
YES,ENTER AS BKPT & RETURN 
FC KEY ? 

NO,CHECK FOR GO 
YES,REMOVE A BKPT 

GO KEY ? 

YES,DISPLAY NEXT BKPT & RETURN 


* DISBRK - DISPLAY NEXT BREAKPOINT 
* 


DISBRK LDAA 
5ТАА 
ВЕО 
LDX 
BKLOOP INX 
INX 
INX 
INX 
СРХ 
ВМЕ 
LDX 
NOTEND TST 
BEO 
STX 
LDX 
STX 
BACK JSR 
TST 
BNE 
LDAA 
JSR 
DISDUN RTS 


BRKNO 
HEXBUF+2 
BACK 
BKPNTR 


#BRKEND 
NOTEND 
#BRKTAB 
3,X 
BKLOOP 
BKPNTR 
0,Х 
НЕХВОҒ 
DYSCOD 
BRKNO 
DISDUN 
#SFE 
CLRDS 
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СЕТ # INTO HEXBUF 
АМҮ BREAKPOINTS ? 
NO,RETURN 
YES,DISPLAY NEXT ONE 


END OF TAB 

NO,GO TEST FOR BKPT 
YES,WRAP AROUND 
BREAKPOINT ? 

NO,TRY NEXT LOC 
YES,MOVE POINTER 
GET BKPT ADDR 

& DISPLAY IT 


ANY BREAKPOINTS ? 
YES,RETURN 
MASK ALL BUT LSD 


RETURN TO PUT 


BRKBEG 


0619 * 

0620 * BKTOTB-ENTER A BREAKPOINT FROM HEXBUF INTO 
0621 ж THE TABLE % UPDATE BRKNO 

0622 * 

0623A ЕЗҒІ BD F4A0 А ВКТОТВ JSR FNDBRK BREAKPOINT EXIST ? 
0624A F3F4 25 32 F428 BCS FULL YES,RETURN 

0625A F3F6 8D 46 Ғ4ЗЕ BSR -  BKNO FIND OPEN SPACE 

0626А F3F8 B6 E444 А LDAA BRKNO GET # OF BREAKPOINTS 
0627А F3FB 81 05 А СМРА %505 FULL ? 

0628A F3FD 2C 29 F428 BGE FULL YES 

0629 * CHECK FOR RAM 

0630A F3FF FE Е42С А LDX HEXBUF TEST FOR RAM 

0631A F402 A6 00 А LDAA 0,x . 

0632А F404 43 СОМА . 

0633A F405 63 00 A COM 0,X . 

0634А F407 А1 00 А СМРА 0,x RAM ? 

0635A F409 26 1D F428 BNE FULL NO ,RETURN 

0636A F40B 43 COMA YES, RESTORE DATA 
0637А Ғ40С A? 00 А 5ТАА 0,x . 

0638 * ENTER ВКРТ INTO TABLE 

0639А Ғ40Е FE Е442 А LDX BKPNTR POINT INTO BREAKPOINT TAB 
0640A F411 A7 02 А 5ТАА 2,Х SAV OPCODE 

0641А F413 B6 E42C А LDAA HEXBUF GET OP CODE ADDR 
0642А F416 F6 E42D А LDAB HEXBUF+] . 

0643A F419 A7 00 A STAA 0,X INSERT BREAKPOINT 
0644A Ғ41В E7 01 А 5ТАВ 1,Х . 

0645A F41D 7C E444 А INC BRKNO COUNT BREAKPOINT 
0646A F420 6C 03 A INC 3,X FLAG BRAKPOINT 

0647А F422 7C E42E А INC HEXBUF*2 UPDATE BKPT NO. 

0648A F425 BD F120 A JSR DYSCOD . 

0649А Ғ428 86 01 А FULL LDAA $501 RESET ROLPAS 

0650А F42A B7 E423 А STAA ROLPAS . 

0651A F42D 39 RTS & RETURN 

0652 * 

0653 * BKFMTB - REMOVE А BREAKPOINT FROM BUFFER 
0654 * & UPDATE ВЕКМО 

0655 * 

0656A F42bE 8D 70 F4A0 BKFMTB BSR FNDBRK BKPT (DISBUF) IN TABLE ? 
0657A Ғ430 24 ВЕ F3CO BCC DISBRK NO , RETURN 

0658A F432 FE E442 A LDX BKPNTR YES , GET ITS ADDR 
0659A F435 6F 03 А CLR 3,X & REMOVE IT. 

0660A F437 6F 02 A CLR 2,X REMOVE OP CODE 

0661А F439 7A E444 А DEC BRKNO UPDATE COUNT 

0662A F43C 20 82 F3CO " BRA DISBRK DISPLAY BKPT & RETURN 
0663 

0664 * BKNO - FIND NUMBER OF BREAKPOINTS, UPDATE BRKNO 
"FER > в PUT ADDR ОҒ LAST OPEN SPACE INTO BKPNTR 
0667А F43E 7F E444 А BKNO CLR BRKNO 

0668A F441 CE E445 A LDX #BRKTAB 

0669А F444 6D 03 A BKLOP TST 3,% BREAKPOINT HERE ? 
0670А F446 27 05 F44D BEQ МЕХТІ NO, TRY NEXT ENTRY 
0671А F448 7C Е444 А INC BRKNO YES,COUNT IT 

0672A F44B 20 03 F450 BRA ISBKPT SO DONT SAVE ADDR 
0673A F44D FF E442 А МЕХТІ STX BKPNTR & SAVE ADDR 

0674A F450 08 ISBKPT INX POINT TO NEXT ENTRY 
0675А F451 08 INX . 

0676А Ғ452 08 INX " 
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BRKBEG 


0677A F453 08 INX я 

0678А Ғ454 8С Е459 А СРХ #BRKEND DONE ? 

0679А F457 26 EB F444 BNE BKLOP NO, CONTINUE 

0680А F459 86 01 A LDAA %501 RESET ROLPAS 

0681A F45B B7 E423 A 5ТАА ROLPAS 4 

0682A Е45Е 39 RTS YES 

0683 янь кои еротика еьйний 

0684 * 

0685 * INBKS - INSERT BREAKPOINTS FROM TABLE TO MEM 
* 

696 як ийик изпия Д ка АА REESE ES ES ESE ЧА кейййдейжійіӛй 

0688A F45F 7D E444 А INBKS TST BRKNO BREAKPOINTS ? 

0689A F462 27 20 F484 BEQ NOBPT NO,RETURN 

0690A F464 CE E445 A LDX #ВЕКТАВ  YES,INSTALL'EM 

0691A F467 6D 03 A CKBKPT TST 3,X BREAKPOINT ? 

0692A F469 27 10 F47B BEQ NEXT2 NO,TRY NEXT ENTRY 

0693 * INSTALL THE BREAKPOINT 

0694А Е46В FF E442 А STX BKPNTR SAVE X 

0695A F46E 86 3F A LDAA #S3F SWI 

0696А F470 EE 00 A LDX 0,X GET ADDR 

0697A F472 E6 00 А LDAB 0,x GET OP CODE 

0698А F474 А7 00 А 5ТАА 0,x STORE SWI 

0699А F476 FE Е442 А LDX BKPNTR RESTORE X 

0700A F479 E7 02 A STAB 2,Х SAVE OPCODE 

0701 * NEXT ENTRY 

0702A F47B 08 NEXT2 INX E 

0703A F47C 08 INX E 

0704A F47D 08 INX А 

0705А Ғ47Е 08 INX . 

0706А Е47Е 8С Е459 А СРХ #BRKEND DONE ? 

0707A F482 26 ЕЗ Ғ467 ВМЕ СКВКРТ NO, CONTINUE 

0708А F484 39 МОВРТ RTS 

0709 ЯНКИ ККИ я ки ККИ ЧИНИ RE КАА НИВ ИВА МАНА k... 

0710 * 

0212 к ОЏТВК5 - REMOVE ВВЕАКРОТМТ$ РВОМ МЕМ 

0713 аа КЕКАНАК ниияжя ки а апийя и ERE 

0714А Е485 CE E445 А OUTBKS LDX #BRKTAB POINT TO BREAKPOINT TAB 

0715А F488 А6 02 A ВЕМОУ1 LDAA 2,Х ОР CODE ? 

0716А F48A 27 OA Ғ496 ВЕО МЕХТЗ NO,TRY NEXT ENTRY 

0717 * REMOVE BREAKPOINT FROM RAM 

0718A F48C FF E442 A STX BKPNTR SAVE X 

0719A Е4ВЕ EE 00 A LDX 0,X GET MEM ADDR 

0720A F491 A7 00 A 5ТАА 0,x INSERT OPCODE 

0721А F493 FE Е442 А LDX BKPNTR RESTORE X 

0722 * NEXT ENTRY 

0723A F496 08 NEXT3 INX . 

0724А Ғ497 08 INX . 

0725А Ғ498 08 INX . 

0726А Ғ499 08 INX . 

0727А F49A 8С Е459 А СРХ #BRKEND DONE ? 

0728A Е490 26 E9 F488 BNE КЕМОУ1 NO, CONTINUE 

0729А F49F 39 RTS YES, RETURN 
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0731 * 

0732 * PDBRK - FIND BREAKPOINT (HEXBUF) IN BRKTAB 

0733 * BKPNTR POINTS AT BREAKPOINT & CARRY 

0734 * IS SET IF BREKPOINT EXISTS,ELSE С IS «"0" 
0735 * 


0736А F4A0 B6 E42C 
0737A F4A3 F6 E42D 
0738A F4A6 CE E445 
0739А F4A9 А1 00 
0740А Ғ4АВ 27 ОВ Р4В 


FNDBRK LDAA HEXBUF BREAKPOINT MSB 
LDAB HEXBUF*1 BREAKPOINT LSB 
LDX #BRKTAB BREAKPOINT TAB 
BRKLOP CMPA 0,X MATCH ? 
BEQ CKLSB YES 


о> р> >> 


0741A F4aD 08 NEXT INX NO POINT TO NEXT 
0742А Е4АЕ 08 INX . 

0743А F4AF 08 INX . 

0744А Ғ4В0 08 INX . 

0745А F4Bl 8C E459 А CPX $BRKEND DONE ? 

0746A F4B4 26 F3 F4A9 BNE BRKLOP NO, CONTINUE 

0747А F4B6 0С със YES,BUT NO ВКРТ 
0748A Ғ4В7 39 RTS 

0749A F4B8 El Ol А CKLSB СМРВ 1,х МАТСН ? 

0750A F4BA 26 Fl F4AD BNE NEXT NO,TRY NEXT ENTRY 
0751A Ғ4ВС 6D 03 A TST 3,Х BREAKPOINT ACTIVE ? 
0752А Е4ВЕ 27 ED F4AD ВЕО МЕХТ МО,ТВҮ АСАТМ 
0753A Е4СО OD БЕС YES,FOUND ІТ 
0754А Е4С1 FF E442 А STX BKPNTR SAVE ADDR 

0755A F4C4 39 RTS 
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0758 
0759 
0760 
0761 
0762 
0763А 
0764А 
0765А 
0766А 
0767А 
0768 
0769 
0770 
0771 
0772 
0773А 
0774А 
0775А 


Ғ4С5 
F4C7 
F4CA 
F4CD 
F4D0 


F4D1 
F4D2 
F4D5 


4F 
СЕ 
20 


01 

7160 
E43E 
E421 


>> > > 


0000 А 
ЕЗ РАСА 


FUNCT 


ЖжеййевеавйаавФтазйейезейзежегекпійшейезешейійвейктдетейшежек 
ж 


* FSET - SET FUNCTION FLAG & DISPLAY "FS" 
* 


зенаат аео kk t hh kb ERE SEE EEE SEE ERE SEES ERE EEE SRE RSE ts 


FSET LDAA #$01 TO SET FUNCTION FLAG 
LDX 857160 CODE FOR 'FS' 

FOUT ЗТАА FNCFL 
STX DISBUF*4 . 
RTS RETURN TO PUT 


PECK ARAER нА НЕА ЕАУ 
* 


* ЕСІК - CLEAR FUNCTION FLAG в LAST 2 DIGITS 
* 


ARERR EERE RERA ERRATA EERE KEKE NERA EERE 
FCLR CLRA TO CLEAR FUNCTION FLAG 


LDX 450000 ТО CLEARLAST 2 DIGITS 
ВВА FOUT 
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0778 

0779 

0780 

0781 

0782 

0783А 
0784А 
0785А 
0786A 
0787 

0788A 
0789A 
0790A 
0791A 
0792 

0793A 
0794A 
0795A 
0796 

0797A 
0798A 
0799A 
0800A 
0801 

0802A 
0803A 
0804A 
0805A 
0806A 
0807A 
0808A 
0809A 
0810A 
0811 

0812A 
0813A 
0814A 
0815A 
0816 


F4D7 
F4DA 
F4DC 
F4DF 


F4E2 
F4E5 
Е4ЕВ 
Е4ЕА 


Е4ЕС 
F4EF 
F4F1 


F4F2 
Е4Е5 
FAF7 
ҒАҒА 


РАРС 
F4FE 
F501 
Е503 
F506 
F509 
F50C 
F50F 
F512 


F515 
F518 
F51B 
F51E 


FICC А 
16 Е512 


ЕЕ А 
Е42Е А 
12 Ё515 
Е42С 
Е460 
E42E 
Е42С 
E42D 
F120 


Е42С 
Е462 
F630 
Ғ024 


руди >>» 


ТАРЕ5 


таро ии киота соната арене 


* TAPES - SOFTWARE CASSETTE ТАРЕ INTERFACE 
* 


ооо ланос ниток КЕ EE EEE E EEE EEE] 


TAPBEG TST 
BEQ 
LDTAP JSR 
JMP 


PCH LDX 
STX 


ж 


BEGEND TST 


CONOUT STAA 


DYSQUT JMP 
* 


DOPCH LDX 


FNCFL 
PCH 
LOAD 
PROMPT 


$BEGEND 
MNPTR 
%5ВВ 
CONOUT 


KYFLG 
ADNOW 


RDKEY 
FUNK 
ROLL4 
DYSOUT 


#$ЕЕ 


HEXBUF+2 


DOPCH 
HEXBUF 
BEGAD 
HEXBUF+2 
HEXBUF 
HEXBUF +1 
DYSCOD 


HEXBUF 
ENDAD 
PUNCH 
PROMPT 
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SEE IF PUNCH OR LOAD 


DO LOAD (OR VERF) 
WHEN DONE 


POINT AT BEGEND ROUTINE 
ACTIVATE 


DISPLAY BB IN LAST DISPLAYS 
SEE IF KEY PENDING 

** RETURN %% NO KEY 

READ & ACKNOWLEDGE KEY 
FUNCTION KEY 


ENTER NEW NUMBER 
CONVERT TO 7-SEG & LEAVE 


END ADDR DONE ? 
GO DO PUNCH 
SAVE ENTERED ADDR 


'EE' OR 'BB' TO LAST DISPLAYS 
CLEAR FIRST FOUR NIBBLES 


CONV & RETURN 
SAVE ENTERED ADDR 


PUNCH TAPE 
WHEN DONE 


0818 
0819 
0820 
0821 
0822 
0823 
0824А 
0825А 
0826А 
0827А 
0828А 
0829А 
0830А 
0831А 
0832А 


0834 

0835 

0836 

0837 

0838 

9839 

0840A 
0841A 
0842A 
0843A 
0844А 
0845А 
0846А 
0847А 
0848А 
0849А 
0850А 
0851А 
0852А 
0853А 
0854А 
0855А 
0856А 
0857А 
0858 

0859 

0860 

0861 

0852А 
0863А 
0864А 
0865А 
0866А 
0867А 
0868А 
0869А 
0870А 
0871А 
0872А 
0873А 


Е521 
Е523 
Е526 
F527 
F528 
F52B 
F52D 
FS2F 
F532 


F533 
F535 
F538 
F53B 
Е5ЗЕ 
Е541 
Е543 
Е546 
Е549 
Е54С 
Е54Е 
Е550 
F552 
F555 
2557 
F558 
Е55В 
F55D 


Е55Е 
F562 
F565 
F567 
F569 
F56B 
F56D 
F570 
F573 
F576 
F578 
F579 


86 
F6 
01 
4C 
F6 
2А 
св 
Е? 
39 


05 А 
Е484 А 
Е485 А 
ҒА Ғ527 
02 А 
Е485 А 


РЕ А 
Е459 А 
E45A А 
E45B А 
Е45С А 
DE Ғ521 
Е543 А 
F546 А 
E45D А 
03 F521 
1В А 
Е4 Е546 
Е450 А 
СА Е521 
E45D А 
2B А 
ЕЗ Ғ552 
F562 А 
Е484 А 
05 А 
10 P579 
00 А 
00 F56D 
E45A А 
Е45В А 
Е45С А 
0А A 
Е485 А 


ТАРЕ5 


ааязикин ав ҮІІ ААА ААА 


* FEDGE - ROUTINE TO LOCATE AN EDGE (POS OR NEG) 
AND DETRMINE DISTANCE TO IT (TIME) 


EXECUTION TIME TUNED 
РРЕТТІТТІГІТІІТТҮТТҮТТІРТІТТІТІГТЕТТІСІІІ ІІІ 242553422444. 


* 


* 


FEDGE LDAA 
LDAB 
NOP 

LOOPF INCA 
LDAB 
BPL 
EORB 
STAB 
RTS 


#5 
PIADP 


PIACR 
LOOPF 
#502 

РІАСЕ 


Qn Un N) d» Ф м IND) 4 № ОО 


РОВ ВЅЕ 

START COUNT-FIXED (-1) 
CLEAR INTERRUPT 

DELAY 

DURATION COUNT IN A-REG 
CHECK FOR EDGE FOUND 

IF NOT;KEEP LOOKING 
INVERT EDGE SENSE CONTROL 
PIA LOOKS FOR OTHER EDGE 
**RETURN* * 


ии ки ки я а иикжизики и оа адад ЫШ 


* TIN - READ 1 BYTE FROM ТАРЕ 
* TIME TUNED 


* 


PPCTTTTTUTUTTPIPTPTPTPIIDIIPITILEZITIERRRERERRRAIRRRIZZRZZIRRRAAJ 


* 


TIN LDAA 
STAA 
CLR 
CLR 
CLR 
BSR 
TST 

NOTSH TST 
STAA 
BSR 
CMPA 
BGE 

LOOPS STAA 
BSR 
TAB 
ADDB 
CMPB 
BLE 


чини 


JMP 
ТРАВ 
ADDA 
BRA 
LPOUT LDAA 
BRA 
LPMID CLR 
STAA 
CLR 
LPIN LDAA 
LOOPl INCA 
SYNCIN LDAB 


#$ЕЕ 
ВҮТЕ 
CYCNT 


CYCNT+1 


GOOD1S 


FEDGE 
* 


* 

OLD 
FEDGE 
#27 
NOTSH 
OLD 
FEDGE 


OLD 


#43 
LOOPS 


CYCNT 


CYCNT+1 


600015 
#10 


PIACR 
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9 
2 
5 
6 
6 


6 


FOR JSR 
INITIALIZE BYTE 


INIT BIT-TIME COUNT 
INIT LOGIC SENSE 


(22/21+-5} SYNC TO AN EDGE 


6 
6 
5 


DELAY 
DELAY 


[22/21+-5] MEASURE TO NEXT EDGE 


2 
4 
5 


«1.5 SHORT HALF ? 
MUST FIND SHORT FIRST 
SAVE LAST COUNT 


(22/21%-5) MEASURE TO NEXT 


2 
4 
2 
4 


d NI NO) OS л Oy омы Ww 


MAKE EXTRA COPY 

SUM OF LAST 2 

»2.33 NOM. SHORTS? 
KEEP LOOKING FOR LONG 


EDGE SENSE SET-UP TO SENSE TRAILING EDGE OF CYCLES 
& YOU ARE IN THE MIDDLE OF THE FIRST LONG CYCLE 


DELAY 

CLEAR INTERRUPT FLAG 
COMPENSATE FOR PROCESSING 
BRANCH INTO COUNT LOOP 
INIT BIT-TIME COUNT 

DELAY 


ESTABLISH BIT-TIME COUNT 
INIT LOGIC SENSE 

FIXED TIME (-1)- INIT COUNT 
A-REG HOLDS DURATION COUNT 
EDGE YET? 


0874А Е57С 2А ҒА Е578 BPL LOOPl 4 IF NOT;KEEP LOOKING 
0875A F57E F6 E484 А LDAB PIADP 4 CLEAR INTERRUPT FLAG 
0876A F581 7D F581 A TST * 6 DELAY TO MAKE PASS TIME... 
0877A F584 01 NOP 2 EVEN MULTIPLE OF LOOP TIME 
0878A F585 81 34 А СМРА %52 2 <1.4 SHORT ? 

0879А Ғ587 20 05 Е5ВЕ BLT SHRT 4 

0880А F589 7С E45C А INC 5600015 6 GOODIS POS MEANS 0 

0881A F58C 20 05 F593 BRA WITHIN 4 

0882A F58E 7A E45C А SHRT DEC 600015 6 GOODIS NEG MEANS 1 

ОВВЗА Е591 20 00 F593 BRA WITHIN 4 DELAY 

0884А F593 F6 E45A А WITHIN LDAB CYCNT 4 HIGH BYTE 

0885A F596 BB E45B A ADDA CYCNT+1 4 ADD CURRENT TO BIT-TIME COUNT 
0886A F599 B7 E45B A 5ТАА CYCNT+1 5 UPDATE 

0887А Е59С C9 00 A ADCB #0 2 ADD IN CARRY 

0888А Е59Е Е7 E45A А STAB CYCNT 5 UPDATE HIGH BYTE 

0889А F5Al 26 03 F5A6 ВМЕ CHKOVR 4 IF CARRY; BIT MAY BE OVER 
0890А FSA3 01 МОР 2 DELAY 

0891A F5A4 20 04 F5AA BRA NOTOVR 4 BIT NOT OVER 

0892A F5A6 81 17 A CHKOVR CMPA %23 2 (279-256) 

0893А Ғ5А8 2С ОА Ғ5В4 ВСЕ BITOVR 4 BIT-TIME EXPIRED 

0894А FSAA Сб 05 А NOTOVR LDAB 45 [38] 2 

0895A FSAC БА DECB * 2 

0896A F5AD 2A FD F5AC BPL we] и 4 

0897А FSAF 7E Ғ5В2 A ЈМР *+3 3 

0898А Ғ5В2 20 С2 Ғ576 ВВА ЕРІМ 4 

0899 * 

0900 * END OF A BIT-TIME 

0901 * 

0902А F5B4 78 E45C А BITOVR ASL 600015 6 LOGIC SENSE ТО САВВУ 
0903A F5B7 76 E459 А ROR BYTE 6 SHIFT NEW BIT INTO BYTE 
0904A Ғ5ВА 24 08 Ғ5С4 BCC TINDUN 4 DONE WHEN START FALLS OUT 
0905A FSBC 81 5D A CMPA 193 2 22.5 NOM. SHORTS ? 

0906A Ғ5ВЕ 2D A9 F569 BLT LPOUT 4 МО; BIT-TIME STARTS AT 0 
0907А Е5С0 86 24 А. LDAA #36 2 YES; TRY MAINTAIN FRAMING 
0908A F5C2 20 A9 F56D к BRA LPMID 4 NEXT BIT-TIME 

0909 

0910 * DATA BYTE READ; CLEAN-UP AND LEAVE 

0911 * 

0912А F5C4 В6 Е459 А TINDUN LDAA ВҮТЕ 4 СЕТ СОВВЕМТ ВУТЕ 

0913A Е5С7 ВВ Е45Е А ADDA CHKSM 4 ADD TO CHECKSUM 

0914A F5CA B7 Е45Е А STAA CHKSM 5 UPDATE 

0915А Е5СО B6 Е459 А LDAA BYTE 4 GET RECEIVED DATA IN A-REG 
0916A FSDO 39 RTS 5 ** RETURN ** 
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0918 
0919 
0920 
0921 
0922 
0923 
0924А 
0925А 
0926А 
0927А 
0928А 
0929А 
0930А 
0931А 
0932А 
0933А 


0935 

0936 

0937 

0938 

0939 

0940 

0941A 
0942А 
0943А 
0944А 
0945А 
0946А 
0947А 
0948A 
0949A 
0950A 
0951A 
0952А 
0953А 
0954А 
0955А 


0957 
0958 
0959 
0960 
0961 
0962 
0963А 
0964А 
0965А 
0966А 


F5D1 
F5D3 
FSD6 
2508 
2509 
F5DB 
F5DD 
FSDE 
FSEO 
F5E3 


Е5Е4 
FSEÓ 
FSE9 
FSEB 
ЕБЕС 
FSEE 
РЫБЕ 
Е5ЕО 
Е5Е2 
Е5Е5 
ЕБЕ? 
Е5ЕВ 
Е5ЕА 
FSFD 
PSFE 


ЕБЕЕ 
#601 
F604 
F607 


86 
B8 
B7 
39 


OF A 
FSFF А 
18 A 
FD F5D8 
00 Е5рр 
F3 F5D3 
FSFF А 
07 А 
FSFF А 
38 А 
FD FSEB 
F4 Ғ5Е6 
FSFF А 
1р А 
Ер Е5Е7 
FSFD А 
80 А 
Е486 А 
Е486 А 


TAPES 


зияи а начезижани я авизизина в пайаз зежаняя а пяваиясвававовиияа 


* ВІТІ - SEND А LOGIC 1 ВІТ-ТІМЕ 
LESS 177 CLOCK CYCLES 


* TIME TUNED 
рии кии t... ik... ЕВЕ ЕЕС 
* 8 FOR BSR 
BITI LDAB #15 2 # SHORT H-CYCS (-1) 
LOOPBl JSR  INVRT [20/5] TRANSMIT EDGE 
ШАА #24 [152] 2 DELAY 
DECA "2 
BPL = *-1 "4 
BRA *+2 4 DELAY 
DECB 2 1 LESS HALF CYCLE 
ВНЕ | LOOPBl 4 TILL 2ND LAST EDGE 
JSR ІМУВТ [20/5] 15TH EDGE IN BIT-TIME 
RTS 5 **RETURN** 177 CYC TO NXT 


RARER AAA EEE KARE EEE ЭТХТТУТТТТТТТТТТТТІТІТІТТІ! 


* BITO - SEND A LOGIC 0 ВІТ-ТІМЕ 


* LESS 177 CLOCK CYCLES 
* TIME TUNED 
ик некие кий кие 
* 8 FOR BSR 
ВЕТО ГрАВ #7 2 4 LONG H-CYCS (-1) 
LOOPBO JSR ІМУВТ (20/5) TRANSMIT EDGE 
LDAA #56 (344) 2 DELAY 
DECA "2 
BPL *-1 "4 
МОР 2 DELAY 
DECB 2 1 LESS TO GO 


BNE LOOPBO 4 TILL 2ND LAST EDGE 
JSR INVRT [20/5] 7TH EDGE IN BIT-TIME 


LDAA $29 [182] 2 DELAY 

DECA "2 

ВРЬ 451 "4 

JMP “43 3 DELAY 

NOP 2" 

RTS 5 **RETURN** 177 CYC TO NXT 


ХАКИ КИК SALES ERE RSE SESE EEE EST EP ESS ETE 


* INVRT - ROUTINE TO TRANSMIT A RISING 
OR FALLING EDGE TO THE CASSETTE 


is TIME TUNED 
Fk deo o Re eot ded do eR d Re i oe dee f d dod d d Rd d d e de e e tk 
* 9 FOR JSR 


INVRT LDAA %580 2 
БОВА РТАОРВ 4 
5ТАА PIADPB 5 
RTS 5 


INVERT OUTPUT 
** RETURN ** 
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0968 

0969 

0970 

0971 

0972 

0973 

0974 

0975А 
0976А 
0977А 
0978A 
0979A 
0980A 
0981А 
0982А 
0983А 
0984А 
0985А 
0986А 
0987А 
0988А 
0989А 
0990А 
0991А 
0992А 


F608 
F60B 
F60D 
Р6ОЕ 
F612 
F615 
F617 
F618 
F61A 
F61B 
F61E 
F620 
F622 
F625 
F627 
Е62А 
F62D 
F62F 


ТАРЕ5 


жезееаесетейееотазвжйааеетаеййезежеятарйтжйейейитеййезейіжййяоіей 


* РМСНВ - РОМСН 1 ВҮТЕ ТО ТАРЕ. INCLUDES 
ж START BIT,DATA,AND ALL BUT LAST HALF-CYCLE 


* 
* 


* 


E459 А PNCHB 
07 Е5Е4 

09 А 

E45F А 

F612 А 

13 А LPPOUT 


FD F617 


E459 A 

05 F625 

C2 Е5Е4 

Е62А А 

АА Е501 001 
F62A А 

E45F А ENDBIT 
Е6 F615 


ОҒ 5ТОР ВІТ5 


TIME TUNED 
оо ооо ии снко тай а жота 


STAA 
BSR 
LDAA 
STAA 
TST 
LDAA 
DECA 
BPL 
SEC 
ROR 
BCS 
BSR 
JMP 
BSR 
JMP 
DEC 
BPL 
RTS 
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9 FOR JSR 

5 SAVE BYTE TO PUNCH 

[30/«177»] SEND START BIT 

2 8 BITS IN BYTE (+2 STOP) (-1) 
5 ESTABLISH BIT COUNT 


6 DELAY 

[122] 2 DELAY 
"2 

"4 


2 SO LAST 2 BIT TIMES = 1'S 

6 LOGIC SENSE TO CARRY 

4 IF LOGIC 1 

{30/<177>] XMIT А 0 ВІТ-ТІМЕ 

3 

[30/<177>] XMIT А 1 BIT-TIME 

3 MATCHING DELAY 

6 1 LESS BIT-TIME TO GO 

4 CONTINUE FOR BYTE+STOP BITS 
5 ** RETURN ** 159 CYC TO NXT 


0994 
0995 
0996 
0997 
0998 
0999 
1000А 
1001А 
1002A 
1003A 
1004A 
1005A 
1006A 
1007A 
1008 
1009 
1010 
1011A 
1012A 
1013A 
1014A 
1015A 
1016A 
1017A 
1018A 
1019A 
1020A 
1021A 
1022А 
1023А 
1024А 
1025А 
1026А 
1027А 
1028А 
1029А 
1030А 
1031 
1032 
1033 
1034А 
1035А 
1036А 
1037А 
1038А 
1039А 
1040А 
1041A 
1042A 
1043A 
1044A 
1045A 
1046A 
1047A 
1048A 
1049A 
1050A 


F630 
F633 
F635 
F637 
F638 
F63A 
F63D 
F63E 


F640 
F642 
F644 
F645 
F647 
F64A 
F64B 
F64E 
F651 
F653 
F654 
F657 
F65A 
F65B 
F65D 
F65E 
F660 
F663 
F664 
2667 


F669 
F66A 
F66B 
F66E 
F670 
F671 
F674 
F677 
F67A 
Е67С 
2670 
Е67Ғ 
Е682 
Е685 
Ғ688 
F68A 
F68B 


0348 А 


FF А LLOOP 


10 A 


FD F637 
F608 A 


F3 F633 


53 А 
10 А 


FD Е644 
Е608 А 


E45E А 
Е460 А 


00 А ADLOOP 


Е45Е А 
Е45Е А 


0р А 


FD F65D 
F608 A 


E464 А 
E8 F651 


03 F68D 


El F66E 


TAPES 


ыы ама М ЕТТТТЕТЕТТТТІТТТТТІТ 


% РОМСН - FORMAT AND PUNCH А САЗЗЕТТЕ DATA FILE 
INCLUDING LEADER AND CHECKSUM 
EXECUTION TIME TUNED 


о ЧУ казана иа казиякфаниякчави 


ж 


РОМСН 


ж 


LDX 
LDAA 
LDAB 
DECB 
BPL 
JSR 
DEX 
BNE 


#840 
ЁРЕ 
#16 


4-1 
РМСНВ 


LLOOP 


* LEADER FINISHED 
* 


* 


LDAA 
LDAB 
DECB 
BPL 
JSR 
NOP 
CLR 
LDX 
LDAA 
TAB 
ADDB 
STAB 
NOP 
LDAB 
DECB 
BPL 
JSR 
INX 
СРХ 
ВМЕ 


#'S 
#16 


4-1 
PNCHB 


CHKSM 
#BEGAD 
0,x 


CHKSM 
CHKSM 


#13 


*-1 
PNCHB 


#BEGAD+4 
ADLOOP 


5 READY TO PUNCH DATA 


DLOOP 


NOP 
NOP 
LDX 
LDAA 
TAB 
ADDB 
STAB 
STAB 
LDAB 
DECB 
BPL 
JSR 
JMP 
CPX 
BEQ 
INX 
BRA 


BEGAD 
0,X 


CHKSM 
CHKSM 
CHKSM 
#11 


*-1 
РМСНВ 
*+3 
ENDAD 
DUNDAT 


DLOOP 
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9 FOR JSR 

3 COUNT FOR 30-SEC LEADER 

2 LEADER CHARACTER 

[104] 2 DELAY 

иа 

" 4 

(44/<159>] PUNCH А LEADER CHAR 
4 

4 CONTINUE FOR 30-SEC 


2 BLOCH START CHAR 

[104] 2 DELAY 

#2 

"4 

[44/<159>] PUNCH START CHAR 
DELAY 

INITIALIZE CHECKSUM 

POINT AT FIRST ADDR BYTEOLT 


Wan 


2 EXTRA COPY 

4 ADDR IS PART OF CHECKSUM 
5 UPDATE 
2 
( 


[44/<159>] PUNCH ADDR BYTE 
4 ADV TO NXT ADDR BYTE 

3 DONE YET ? 

4 CONTINUE FOR 4 ADDR CHARS 


DELAY 

DELAY 

GET BEG ADDR OF DATA 
GET A DATA BYTE 
EXTRA COPY 

ADD TO CHECKSUM 
UPDATE 


фм 


"4 

(44/<159>1 РИМСН БАТА ВУТЕ 
3 DELAY 

5 SEE ТЕ DONE 

4 ТЕ FINISHED 

4 ELSE ADV TO NXT 

4 AND CONTINUE LOOP 


1052 

1053 

1054 

1055A F68D 
1056A F690 
1057A F693 
1058A F695 
1059A F696 
1060A F698 
1061A F69B 


TAPES 


* 


* READY TO PUNCH CHECKSUM 
* 


Е45Е А DUNDAT NEG 
E45E A LDAA 
14 А LDAB 
DECB 
FD F695 BPL 
F608 A JSR 
RTS 


CHKSM 
CHKSM 
#20 


*-} 
PNCHB 


7-41 


6 SUM INCL, CHECK WILL BE 0 
4 PREPARE TO SEND 

[128] 2 

"2 

"4 

[44/<159>] PUNCH CHECKSUM 

5 ** RETURN ** 


1063 
1064 
1065 
1066 
1067 
1068 
1069 
1070А 
1071А 
1072А 
1073 
1074 
1075 
1076А 
1077А 
1078 А 
1079А 
1080А 
1081А 
10824 
1083 
1084 
1085 
1086A 
1087A 
1088A 
`1089А 
1090А 
1091А 
1092А 
1093А 
1094А 
1095А 
1096А 
1097А 
1098 
1099 
1100 
1101А 
1102А 
1103А 
1104А 
1105 
1106А 
1107А 
1108А 
1109А 
1110А 
1111 
1112А 
1113A 
1114A 
1115А 
1116А 


Е69С 
F69F 
F6AL 


F6A3 
F6A6 
F6A9 
F6AC 
F6AE 
F6AF 
F6B2 


F6B4 
F6B7 
F6BA 
F6BD 
F6BF 
F6C1 
F6C3 
F6CS 
F6C7 
F6CA 
F6CC 
F6CD 


F6CF 
F6D2 
Е605 
2607 


2608 
F6DB 
F6DE 
F6El 
F6E3 


F6E4 
F6E7 
F6EA 
F6ED 
F6F0 


F533 À 
53 A 
F9 F69C 


Е462 А 
03 F6CF 


E8 F6B7 


F533 A 
Е45Е А 
01 2608 


Е434 А 
Е433 А 
Е4ЗЕ А 
01 Ғ6Е4 


7177 
Е410 
0638 
E41F 
F735 


> > > > > 


TAPES 


НИНЕ ини икея 
* 


* LOAD - LOAD ОВ VERIFY А DATA FILE FROM 


* CASSETTE TAPE 
* 
я въяжзнизизаниназизвазии а пипа нека и пии явя кижи а жакика кани 
* 9 FOR А JSR 
LOAD JSR TIN [56/101+-5] READ A BYTE FROM ТАРЕ 
CMPA #'S 2 BLOCK START ? 
BNE LOAD 4 NO; TRY AGAIN 


* 


* BLOCK START FOUND; NOW READ BEG & END ADDR'S 
* 


LDX $BEGAD 3 POINT AT ADDR AREA 
CLR CHKSM 6 INITIALIZE CHECKSUM 


LOPAD JSR TIN [56/101+-5] GET ADDR CHAR 
STAA 0,x 6 STORE RECIEVED ADDR CHAR 
INX 4 POINT AT NEXT ADDR LOC 
СРХ #BEGAD+4 3 DONE GETTING ADDR'S 2 


BNE LOPAD 4 NO; CONTINUE 
* 


* READY TO READ DATA 
* 


LDX BEGAD 5 POINT TO WHERE DATA GOES 
LOPDAT JSR TIN [56/101+-5] GET DATA FROM TAPE 


TST FNCFL SEE IF LOAD OR VERF ? 
BEQ VERF IF NOT SET; IT'S VERF 
STAA 0,X IT'S LOAD SO STORE DATA 


BRA LOPBOT 
VERF CMPA 0,х 

BNE BAD 
LOPBOT CPX ENDAD 

BEQ CHKCHK 


GO TO BOTTOM OF LOOP 

JUST COMPARE TO MEM 

IF NON-COMPARE; SIGNAL ERROR 
DONE ? 

IF SO; CHECK CHECKSUM 

POINT AT NEXT DATA LOC 


BRA LOPDAT AND CONTINUE LOAD/VERF 


dod» o лр UI Ф. OS d ПУ 


* 
* DATA FINISHED... NOW CHECK CHECKSUM 
* 


CHKCHK JSR TIN [56/105+-5] GET CHECKSUM 


TST CHKSM 
BNE BAD 4 IF NOT ZERO; BAD CHECKSUM 
RTS 5 ** RETURN ** 

* 

BAD STX UX 6 S0 USER CAN SEE END ADDR 
STAA UA 5 SO USER CAN CHECK IT 
TST FNCFL CHECK FOR ERROR OVERRIDE 
BPL STOP 
RTS ** RETURN ** NO MESSAGE 


STOP LDX #$7177 "БА" 
STX DISBUF 
LDX %50638 "IL" 
STX DISBUF+2 
JMP ALTBAD PRINT "FAIL ??" 
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ЕбЕЗ 
F6F6 
F6F8 
F6FB 


.F6FE 


F701 
F704 
F706 
F709 


F70B 
Е70Е 
Е711 
Е713 
Ғ714 
2715 
E717 
F719 
F71C 
F71D 
F720 
F721 
F723 
F724 
F725 
F727 
F729 
F72C 
F72F 
F732 
F735 
F738 
F73B 
Р7ЗЕ 
Е741 
F744 


F747 
Е74А 
F74D 
F750 
F751 
F753 
F756 
F759 
F75B 
F75D 


| F760 


F763 
F765 
F768 
Е76А 
F76D 


py y porrr >>> >> >>> >>> >> 


Go 


HRAAAHRERKARAARRE Ree eeeeeAeeeekeeRsekeehasenkeae 


” 


* GO - GO ТО USER PROGRAM 
ж 


ded а d d Ad aede dede ed b ewe 


GO TST 
BNE 
LDX 
STX 
CONTIN LDX 
ROI STX 
LDAA 
STAA 
BRA 
* COME HERE 
601 JSR 
GOTO LDS 
LDAA 
РУНА 
РОГА 
СМРА 
BNE 
LDAA 
PSHA 
LDAA 
PSHA 
LDAA 
PSHA 
PULA 
CMPA 
BEQ 
BADSTK LDX 
STX 
LDX 
STX 
ALTBAD LDX 
STX 
LDS 
LDX 
STX 
JMP 
* 
GOEXIT LDX 
LDAB 
LDAA 
PSHA 
LDAA 
STAA 
TST 
BEQ 
LDAA 
STAA 
LDAA 
LDAA 
STAA 
LDAA 
STAA 
ABSOUT LDAA 


ROLPAS 
CONTIN 
НЕХВОЕ 
ЏРС 
#601 
ROIBAK 
"n 
ROIFLG 
GOTO 


HEX DATA PRIOR TO 'GO' ? 
IF NOT; ASSUME UPC 

GET ENTERED VALUE 

STORE AS GO ADDR 

RETURN ADDR AFTER ROI 
SAVE IN RAM 


SIGNAL SINGLE TRACE 
EXIT (NO BREAKS) 


AFTER RUNNING ONE INSTRUCTION 


INBKS 
USP 
%555 


%555 
BADSTK 
UPC+1 


UPC 


#SAA 


#$АА 
GOEXIT 
854060 
DISBUF 
%57340 
DISBUF+2 
#$5353 
DISBUF+4 
#STKTOP 
#DIDDLE 
MNPTR 
PUT 


Ux 
UB 
UA 


$1 
UPROG 
ROIFLG 
ABSOUT 
%53С 
РТАСВА 
РТАРВ 
#50Е 
РТАСЕВ 
%534 
РТАСВА 
осс 
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INSTALL BREAKPOINTS 
GET USER'S STACK POINTER 
START TEST FOR EXISTANCE OF STK 


DID IT СО? 

NO; STACK IS BAD 
LOW BYTE 

STACK FOR RTS 
HIGH BYTE 


SEE IF STACK STILL OK 


OK; FINAL EXIT SEQ 
MESSAGE "-SP- 2?" TO 7-SEGS 


INIT TO GOOD AREA 
DO-NNOTHING SUB 

STORE AS MAIN PROG 

ONLY ESCAPE IS RESET OR 'EX' 


RECOVER USER STATUS 


TEMP SAVE ON USER'S STACK 


FLAG SIGNALS IN USER PROG 
TRACE EXIT ? 
IF NOT;; JUST GET GOING 


HOLDS TRACE COUNTER RESET 
READ TO CLEAR ANY INT FLAG 


ENABLE TRACE NMI 


RELEASE TIMER 
TIMED EXIT TO USER PROG 


1177А Е770 06 
1178А F771 32 
1179А F772 39 
1180 


GO 


ТАР 
PULA 
RTS 
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SET USER COND CODES 
GET USER A-REG; DON'T MESS 
*** EXIT TO USER PROG *** 


"СС"! 


1184 

1185 

1186 

1187 

1188 

1189А 
1190А 
1191А 
1192А 
1193А 
1194А 
1195 

1196А 
1197А 
1198А 
1199А 
1200А 
1201 

1202А 
1203А 
1204А 
1205А 
1206А 
1207А 
1208А 
1209А 
1210А 
1211А 
1212А 
1213A 
1214А 
1215А 
1216 

1217 

1218А 
1219А 
1220А 
1221А 
1222А 
1223А 
1224 

1225 

1226А 
1227А 
1228A 
1229A 
1230A 
1231A 
1232А 
1233А 
1234А 
1235А 
1236 

1237 

1238А 
1239А 
1240А 
1241А 


Е773 
Е774 
Е775 
Е777 
Е77А 
2770 


F77F 
F782 
F784 
F786 
F788 


F789 
F78C 
Е7ВЕ 
F791 
F794 
F797 
F799 
F79B 
F79E 
F7A1 
ЕТАЗ 
Е7А6 
Е7А9 
F7AB 


Е7АЕ 
Е7ВІ 
F7B3 
F7B6 
F7B8 
Е7ВВ 


Е7ВС 
F7BF 
Е7С2 
Е7С3 
Е7С5 
Е7С6 
Е7С9 
F7CB 
Е7СЕ 
2701 


F7D2 
F7D3 
F7D4 
F7D7 


04 A 
E487 A 
E487 A 
12 F791 


Ғ04Е А 
81 А 
03 Ғ789 
26 F7AE 


E43B А 
03 F791 
F024 A 
E42F А 
E47E А 
23 F7BC 
13 F7AE 


00 A 


E438 А 
F7 F7C2 
Е42Е А 
E47C А 


E42F A 
Е47Е А 


INTS 


кие b t k h Ë fk с аз r k r y h Ón wee h G h b h k th 


* INTERRUPTS - INTERRUPT HANDLING ROUTINES 
* 


ГТҮТІТІЗІТ 222113312333 КА ВНА КИКИА АА КА КОВ eA ee 


NMINT МОР 
SEI 
LDAA 
STAA 
LDAA 
BPL 

* KEY CLOSURE 
JSR 
CMPA 
BEQ 
BSR 
RTI 


SET IRQ FLAG 


%504 РТА DISABLE CODE 
PIACRB DISABLE NMI'S DURING SERVICE 
PIACRB READ INT STATUS 


SAVE IF RETURN FROM TRACE 
CAUSED NMI 

GET FIND AND DEBOUNCE KEY 
%581 'EX' ? 

ABORT 

ENNMI RE-ENABLE INTERRUPT 


*** DONE: RETURN *** 


* 'EX' KEY; PROMPT OR ABORT 


ABORT TST 
BNE 
JMP 
SAVE STS 
LDS 
BSR 
BSR 
CLR 
TST 
ВЕО 
CLR 
LDX 
JMP 
NOTROI JMP 
* 


* 


ENNMI LDAA 
LDAA 
STAA 
LDAA 
STAA 


RTS 
* 


* 


SVSTAT LDS 
LDX 

SVLOOP PULA 
STAA 
INX 
CPX 
BNE 
STS 
LDS 
RTS 


SWINT NOP 
SEI 
STS 
LDS 


UPROG ESCAPE FROM USER PROG ? 


SAVE IF ESCAPE FROM USER PROG 
PROMPT *** ALREADY ІМ OP-SYST *** 
USP SAVE POINTER TO USER REGS 


#STKTOP INIT TO SYST AREA 

SVSTAT RECOVER STATUS АТ 'EX' TIME 
ENNMI RE-ENABLE KEY NMI 

UPROG SIGNAL NOT IN USER PROGRAM 

ROIFLG IS THIS RETURN FROM TRACE ? 
NOTROI IF NOT 

ROIFLG SIGNAL NOT ROI NOW 

ROIBAK GET RETURN ADDR 

0,Х AND RETURN FROM ВОТ 

REGBEG *** TO REG DISPLAY *** 


PIAPB TO CLEAR FLAGS 


#507 ENABLE KEY INTERRUPT CODE 
PIACRB TO PIA CONTROL REG 
#$ЕЕ 


РТАРВ ENABLE ALL KEY ROWS 
** RETURN ** 


05Р POINT AT STACKED STATUS 

#UCC POINT AT PSEUDO REG AREA 
GET STACKED BYTE 

x STORE AT PSEUDO REG RAM LOC 


POINT AT NEXT REG LOC 
#UPC+2 PAST END ? 
SVLOOP IF NOT CONTINUE LOOP 
USP SAVE USER SP AT INTERRUPT TIME 
*STKTOP-2 SET FOR RETURN 
** RETURN ** 


SET IRQ FLAG 


USP POINTER TO USER'S REGS 
#STKTOP INIT TO SYST AREA 
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1242А 
1243А 
1244А 
1245А 
1246А 
1247А 
1248А 
1249 

1250 

1251А 
1252А 
1253 


F7DA 
F7DC 
F7DF 
Е7Е0 
F7E3 
F7E6 
Е7Е9 


F7EC 
F7EF 


INTS 


EO F7BC 
E436 А 
E436 А 
F485 А 
E43B А 
F2CA А 
* 
* 
E43C А UIRQ 
00 А 


BSR 
LDX 
DEX 
STX 
JSR 
CLR 
JMP 


LDX 
JMP 


SVSTAT 
UPC 


UPC 
OUTBKS 
UPROG 
REGBEG 


UIRQV 
0,X 
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RECOVER BREAK STATUS 
BACK UP PROG CNTR 


TAKE OUT BREAKPOINTS 
SIGNAL NOT IN USER PROG 
*** TO REG DISPLAY *** 


GET USER IRQ VECTOR 
*** GO TO USER SERVICE ROUTINE *** 


DEFS 


1256 de k k t e fr k de k k k de k dee k k k efe k h e fee e k k h k fe e fe de e d ded d de h e t e аа d n m 
1257 ы 
1258А Е419 ORG $Е419 
1259 * 
1260 * DEFS - DEFINITIONS & SCRATCH LOCATIONS 
* 
or RRA Y k k k k o fk k h t h k КК h k h h k 9 W k h k kt КА КА k k K k h НЕА КАЕ k e Y W в иа 
1263A Е419 0002 А MNPTR ВМВ 2 POINTER TO ACTIVE SUBROUTINE 
1264A E41B 0001 A KEY RMB 1 KEY DATA 
1265A Е41С 0001 А KYFLG RMB 1 KEY PENDING FLAG 
1266A E41D 0006 A DISBUF RMB 6 DISPLAY BUFFER 
1267А Е423 0001 А ROLPAS ВМВ 1 FIRST PASS ОҒ DATA ROL-ENT 
1268A E424 0002 А XSAVD ВМВ 2 X SCRATCH 
1269А E426 0002 A XSAVl RMB 2 р 
1270А Е428 0002 А XTMP1 RMB 2 B 
1271A E42A 0002 А MEMSAV RMB 2 SAVE MEM POINTER DURING OFFSET CAL 
1272A E42C 0003 A HEXBUF RMB 3 HEX INPUT BUFFER 
1273A Е42Ғ 0002 A USP RMB 2 USER STACK POINTER 
1274А Е431 0001 А ЏСС RMB 1 USER СОМОТТТОМ CODE 
1275А Е432 0001 А UB RMB 1 USER В REGISTER 
1276A E433 0001 A UA RMB 1 USER А REGISTER 
1277A Е434 0002 A UX RMB 2 USER X REGISTER 
1278A E436 0002 A UPC RMB 2 USER PROGRAM COUNTER 
1279A E438 000i A ROIFLG RMB 1 RUN-ONE-INSTRUCTION FLAG 
1280A E439 0002 А ROIBAK RMB 2 ADDR TO RETURN TO AFTER ROI 
1281A E43B 0001 А UPROG RMB 1 FLAG INDICATES IN-USER-PROG 
1282А Е43С 0002 А UIRQV RMB 2 ADDR OF USER'S IRQ SERVICE ROUTINE 
1283A Е4ЗЕ 0001 А FNCFL ВМВ 1 SPECIAL FUNCTION FLAG 
1284А Е4ЗЕ 0002 A FNCPNT RMB 2 POINT TO USER'S SPECIAL FUNCTION 
1285A E441 0001 А REGNO RMB 1 REGISTER NUMBER (USED ІМ REGDIS) 
1286A E442 0002 A BKPNTR RMB 2 POINTS INTO BREAKPOINT TABLE 
1287A E444 0001 A BRKNO RMB 1 # OF BREAKPOINTS IN TABLE 
1288А Е445 0014 А ВВКТАВ ВМВ 20 ВВЕАКРОІМТ ТАВЬЕ 
1289 Е459 А ВАКЕМО ЕОЏ * END ОҒ TABLE 
1290 * 
1291 n CASSETTE INTERFACE SCRATCH LOCATIONS 
1292 
1293A E459 0001 А BYTE RMB 1 DATA BUFFER 
1294А Е45А 0002 А CYCNT RMB 2 CYCLE COUNT ВЕС 
1295A Е45С 0001 А GOOD1S RMB 1 % ОҒ GOOD 1"5 
1296А Е45р 0001 А ОШО RMB 1 
1297А Е45Е 0001 А CHKSM RMB 1 CHECKSUM REG 
1298A Е45Е 0001 A NBITS ВМВ 1 
1299A E460 0002 A BEGAD RMB 2 BEGINNING ADDRESS 
1300A E462 0002 A ENDAD RMB 2 END ADDRESS 
1301 * 
1302 E484 А PIA EQU $E484 SYSTEM PIA BASE ADDR 
1303 0000 A KPCOL EQU $0 KEYPAD COL PORT OFFSET 
1304 0002 А KPROW EQU $2 KEYPAD ROW PORT OFFSET 
1305 E484 А ANOD EQU $E484 DISPLAY SEG ANODES 
1306 E486 A CATH EQU 5Е486 DISPAY CATHODES 
1307 E486 А PIAROW EQU $E486 EXTENDED MODE ROW PORT ADDR 
1308 E486 А PIADPB EQU $E486 PIA DATA PORT B 
1309 E485 А PIACR EQU $Е485 РТА CONTROL ВЕС А 
1310 E484 А PIADP EQU 5Е484 РТА DATA PORT А 
1311 Е485 А РІАСВА ЕОЏ $Е485 РТА CONTROL ВЕС А 
1312 Е487 А РТАСВВ ЕОЏ 5Е487 РТА CONTROL ВЕС В 
1313 E486 А РТАРВ EQU 5Е486 РТА DATA PORT B 


DEFS 


1314 Е47Е А STKTOP EQU $Е47Е ТОР ОҒ 5Ү5ТЕМ 5ТАСК 

1315 

1316 % SYSTEM VECTORS 

1317 * 

1318 * ОМ MEK6802D5 EITHER UPPER HALF 

1319 * СЕ DSBUG (SF400-F7FF) MUST "MIRROR" 

1320 * INTO ADDRESSES (5ЕСОО-ЕЕЕЕ) OR 

1321 * ELSE USER MUST SUPPLY PROM 

1322 * MAPPED IN (SFCOO-FFFF) AREA WHICH 

1323 * CONTAINS ALTERNATE VECTORS. 

1324 * IN THE CASE OF "MIRRORING" THE 

1325 * FOLLOWING VECTORS WOULD ALSO 

1326 * APPEAR AT THE NORMAL 6802 

1327 * VECTOR LOCATIONS (5ЕЕЕВ-ЕЕЕЕ) 

1328A F7F8 ORG SF7F8 

1329А Е7ЕВ F7EC А FDB UIRQ USER IRQ VECTOR 

1330A F7FA F7D2 А FDB SWINT SOFTWARE INTERRUPT VECTOR 
1331A F7FC F773 А FDB NMINT NON MASKABLE INTERRUPT VECTOR 
1332А F7FE F000 А FDB RESET RESTART VECTOR 


1333 END 
ERRORS 00000--00000 


F789 ABORT 1198 1202* 

F76D ABSOUT 1168 1176“ 

F183 ADDAX 0089 0187 0232 0279* 0514 

F651 ADLOOP 1019* 1030 

F4F2 ADNOW 0794 0797* 

F735 ALTBAD 1116 1154“ 

E484 ANOD 0145 0149 1305* 

FlBC ARNCL2 0303 0307* 

FlDD ARNCL4 0321 0326“ 

Е1А0 ARNCLR 0292 0294* 

Fl91 ARND 0282 0284* 

F243 ARNINC 0382 0384* 

ЕЗОА ARNRl 0489 0491* 

F31C ARNR2 0499 0501“ 

F365 ARNR3 0532 0536* 

F3E3 BACK 0598 0612* 

F6D8 BAD 1093 1103 1106* 

F281 BADCAL 0404 0415“ 

F257 BADOFF 0385 0394* 

F729 BADSTK 1140 1150% 

E460 BEGAD 0806 1018 1029 1036 1076 1081 1086 1299* 

F4EC BEGEND 0788 0793* 

FSE4 BITO 0941* 0976 0986 

F5D1 BITl 0924* 0988 

Е5В4 BITOVR 0893 0902“ 

Ғ42Е BKFMTB 0590 0656“ 

ЕЗСВ BKLOOP 0600“ 0608 

F444 BKLOP 0669* 0679 

F43E BKNO 0625 0667% 

E442 BKPNTR 0599 0609 0639 0658 0673 0694 0699 0718 0721 0754 
1286* 

ЕЗҒІ BKTOTB 0587 0623* 

Е388 ВАКВЕС 0199 0569“ 

F38E BRKEDT 0570 0572“ 
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Е459 
Ғ4А9 
Е444 
F39C 
E445 
F3A2 
E459 
F26B 
E486 
F6CF 
F5A6 
Е45Е 


F467 
F3BS 
F3BC 
F4B8 
F088 
F195 
F005 
F19B 
F063 
F509 
F6FE 
E45A 
F0A2 
ЕЗСО 
E41D 


ЕЗҒО 
F66E 
F171 
Е169 
Е17С 
Ғ179 
Ғ625 
Е515 
F68D 
F080 
F120 


F512 
F159 
E462 
Ғ62А 
F7AE 
Е401 
#521 
Е4ЗЕ 


Е4ЗЕ 
Ғ4А0 
F4CA 
F4C5 
F428 
Е4ЕС 
#105 
FOES 


BRKEND 
BRKLOP 
BRKNO 
BRKPNT 
BRKTAB 
BRKTST 
BYTE 
CALDUN 
CATH 
CHKCHK 
CHKOVR 
CHKSM 


CKBKPT 
CKFC 
CKGO 
CKLSB 
CLOP 
CLRDS 
CLRLOP 
CLRLP 
COLFND 
CONOUT 
CONTIN 
CYCNT 
DIDDLE 
DISBRK 
DISBUF 


DISDUN 
DLOOP 
DLYl 
DLY25 
DLYLP 
DLYX 
201 
РОРСН 
DUNDAT 
DUNROW 
DYSCOD 


DYSOUT 
DYSTBL 
ENDAD 
ENDBIT 
ENNMI 
FCLR 
FEDGE 
FNCFL 


FNCPNT 
FNDBRK 
FOUT 
FSET 
FULL 
FUNK 
FUNKY 
FUNSEL 


0604 
0739* 
0596 
0572 
0606 
0578 
0841 
0363 
0146 
1095 
0889 
0913 
1077 
0691* 
0586 
0589 
0740 
0085* 
0041 
0012* 
0291* 
0060 
0791 
1125 
0842 
0095* 
0576 
0039 
0766 
0592 
1037* 
0147 
0087 
0267 
0271* 
0985 
0804 
1048 
0077 
0178 
0810 
0800 
0230 
0813 
0987 
0044 
0197 
0824* 
0037 
0569 
0182 
0623 
0765* 
0196 
0624 
0798 
0174 
0042 


0678 
0746 
0613 
0577* 
0668 
0580* 
0903 
0403* 
0150 
1101* 
0892* 
0914 
1102 
0707 
0588* 
0591* 
0749* 
0086 
0180 
0015 
0296 
0064* 
0807* 
1128* 
0843 
1157 
0596* 
0138 
1113 
0614 
1050 
0268* 
0265* 
0270 


0988* 
0812* 
1055* 
0080* 
0211* 


0810% 
0245% 
1047 
0989 
1199 
0773% 
0845 
0175 
0765 
1284* 
0656 
0775 
0763* 
0628 
0802* 
0185* 
0169* 


0706 
0626 
0690 
0912 
1306* 


1017 
1297* 


0289* 


0868 
0657 
0227 


1115 
0517* 


0272* 


0367 


1094 
0990* 
1208 


0849 
0351 
0783 


0736% 


0635 


0727 
0645 
0714 


0915 


1021 


0389 


0869 
0662 


0290 
1151 


0273 


0387 


1300* 
1218* 
0853 


0361 
1088 


0649* 


0745 
0661 
0738 
0975 


1022 


0398 


0884 


0295 
1153 


0396 


0391 
1108 


7-49 


1289* 
0667 
1288* 
0984 


1039 


0435 


0885 


0369 
1155 


0451 


0400 
1283* 


0671 0688 1287“ 


1293* 


1040 1041 1055 


0616 


0886 0888 1294* 


0529 0531 0533 
1266* 


0527 0584 0612 


0418 0437 0462 


1056 


0534 


0648 


0464 


FO4E 
F6F3 
F70B 
F747 
Е45С 
Е70Е 
Е108 
Е42С 


Е45Е 
F5FF 
F450 
E41B 
FOEB 
0000 
0002 
Е41С 
F0A3 
F4DC 
F633 
F69C 
F578 
F5E6 
F5D3 
F527 
F552 
F6A9 
F6C? 
F6B7 
F128 
Е1ЗЕ 
FOBD 
FOC] 
F057 
F07A 
F576 
F56D 
F569 
F615 
FO6A 
F288 
FlF6 
F205 
F20B 
F2BF 
Е42А 
Е419 
Б45Ғ 
Е2ВА 
ЕЗЈЕ 
F4AD 
F44D 
F47B 
F496 
Е773 
F484 


GET 
GO 

Gol 
GOEXIT 
600015 
GOTO 
HASH 
HEXBUF 


INBKS 
INVRT 
ISBKPT 
KEY 
KEYNOW 
KPCOL 
KPROW 
KYFLG 
KYTBL 
LDTAP 
LLOOP 
LOAD 
LOOPL 
LOOPBO 
LOOPBl 
LOOPF 
LOOPS 
LOPAD 
LOPBOT 
LOPDAT 
ГРО1 
LP02 
LPlP 
LP2P 
LPCOL 
LPFND 
LPIN 
LPMID 
LPOUT 
LPPOUT 
LPROW 
MEMBAK 
MEMBEG 
MEMCH 
MEMNOW 
MEMOUT 
MEMSAV 
MNPTR 
NBITS 
NEWMEM 
NEWREG 
NEXT 
МЕХТІ 
МЕХТ2 
МЕХТЗ 
NMINT 
NOBPT 


0054% 
0195 
1128 
1149 
0844 
1132 
0183 
0214 
0376 
0536 
0803 
06884" 
0925 
0672 
0065 
0170 
0056 
0058 
0036 
0088 
0465 
1001“ 
0785 
08724 
0942“ 
09254 
08274 
0852“ 
1078“ 
1091 
1087“ 
0215% 
0229“ 
0138“ 
0140“ 
0058“ 
0076“ 
08714 
0867 
0866“ 
0980“ 
0067“ 
0407 
0192 
0349 
0356 
0433 
0379 
0043 
0978 
0353 
0492 
0741“ 
0670 
0692 
0716 
1189“ 
0689 


0063 
1124“ 
11344“ 
1161“ 
0870 
11354 
0186“ 
0225 
0377 
0538 
0805 
1134 
0932 
0674“ 
0068 
0173“ 
0059 
0069 
0093 
0106“ 
0785“ 
1007 
1070“ 
0874 
0948 
0931 
0829 
0857 
1082 
1094“ 
1097 
0226 
0238 
0159 
0142 
0062 
0079 
0898 
0868* 
0906 
0991 
0973 
0413 
0349* 
0355* 
0359* 
0443 
0380 
0152 
0990 
0419 
0502* 
0750 
0673* 
0702* 
0723* 
1331 
0708* 


0074 


0880 


0301 
0378 
0597 
0807 
0942 
0080 
0070 


1304“ 
0169 


1072 


0908 


0418* 


0448* 


0405 
0350 


1298* 


0426 
0752 


1196 


0882 


0323 
0386 
0611 
0808 
0949 
0082 
0085 


0339 


0417 


0902 


0324 
0395 
0630 
0809 
0963* 
0091 
1303* 


0355 


0439 1271* 


1295* 


0332 
0410 
0641 
0812 


0340 


0476 


0333 
0449 
0642 
1126 


1264* 


0577 


0467 0573 0789 1158 


0431 


0445* 
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0352 0360 
0450 0523 
0647 0736 
1272* 


0793 1265* 


1263* 


0374 
0525 
0737 


Е28р 
F3D7 
ЕЗАЕ 
ЕЗ50 
F5AA 
F7AB 
F546 
F2D5 
F2B5 
F297 
F29E 
F30F 
F221 
F21E 
F227 
F228 
E45D 
F36A 
F485 
F4E2 
E484 
E485 
E485 
E487 
E484 
E486 
E486 
E486 
F608 
F024 
F630 
FOBB 
Е1С4 
FlED 
FlEF 
F2CA 
F2EE 
F2FE 
E441 
F2F4 
F32E 
F370 
F488 
Ғ000 
ЕЈЕЗ 
Е701 
Е439 
Е438 
ЕЈАА 
FICC 
E423 


F079 
F324 
F791 
F58E 
E47E 
F6E4 


NORMAL 
NOTEND 
NOTHEX 
NOTNEW 
NOTOVR 
NOTROI 
NOTSH 
МОТУВЕ 
мом 
NXM1 
NXM2 
NXR1 
OFFEND 
OFFOUT 
OFFRET 
OFFUN 
OLD 
ONLY1 
OUTBKS 
PCH 
РТА 
РТАСВ 
РТАСВА 
РІАСЕВ 
PIADP 
PIADPB 
PIAPB 
PIAROW 
PNCHB 
PROMPT 
PUNCH 
PUT 
R20UT 
R4OUT 
RDKEY 
REGBEG 
REGDIS 
REGFNC 
REGNO 
REGNOW 
REGOUT 
REGTBL 
ВЕМОУТ 
ВЕЗЕТ 
RO4LP 
ROI 
ROIBAK 
ROIFLG 
ROLL2 
ROLL4 
ROLPAS 


ROWFND 
RUNONE 
SAVE 
SHRT 
STKTOP 
STOP 


0362 
0605 
0582 
0521 
0891 
1211 
0847% 
0463 
0422 
0424 
0429 
0486 
0368“ 
0367“ 
0370“ 
0365 
0848 
0535 
0714“ 
0784 
0054 
0828 
1170 
1173 
0825 
0964 
1171 
0094 
09754 
00314 
0814 
0045 
0306 
0325 
0173 
0194 
0466 
0481 
0471 
0477 
0474 
0513 
0715% 
0009% 
0331% 
0508 
1129 
0035 
0300“ 
0177 
0033 
0575 
0071 
0495 
1194 
0879 
0031 
1109 


0421“ 
0607“ 
0585“ 
05274 
0894“ 
12154 
0851 

0466“ 
0442“ 
0428“ 
0432“ 
0494% 
0440 


0373 
0372“ 
0852 
05384 
1246 
0788“ 
13024 
0831 
1175 
1192 
0863 
0965 
1218 
1307“ 
1005 
0193 
10004 
01374 
03114 
0336“ 
0339“ 
0462“ 
047645 
0485* 
0487 
0480* 
0483 
0543* 
0728 
1332 
0335 
1129* 
1213 
1131 
0442 
0319* 
0302 
0650 
0075* 
0505* 
1203 
0882* 
0469 
1112* 


0409 
0855 


0873 
1311“ 
1193 
0875 
1308" 
1222 


1015 
0786 


0160 
0359 
0507 


0491 
0506 


1280% 
1167 


0366 
0304 
0681 
1205% 
0470 


0416 
1296“ 


13094 


1220 
1310“ 


1313“ 


1027 
0815 


0468 


0480 
1215 


0496 
0510* 


1210 


0482 
0320 
1124 


1156 


1312* 


1045 
1204 


1159 


0580 
1248 


0501 


1212 


0583 
0322 
1267* 


1206 
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1060 


0797 


0510 1285* 


1279* 


0799 
0438 0446 0473 0503 


1234 1241 1314* 


0520 


F7C2 
Е7вс 
Е702 
F579 
F110 
ғар? 
Е533 
Е5С4 
Б433 
Е432 
Е431 
Е100 
F7EC 
E43C 
E436 
Е43В 
E42F 
E434 
F6C3 
F593 
£426 
E424 
E428 


SVLOOP 
SVSTAT 
SWINT 
SYNCIN 
SYSFNC 
TAPBEG 
TIN 
TINDUN 
UA 


WITHIN 
XSAV1 
XSAVD 
XTMPl 


1228* 
1207 
1238* 
0865 
0185 
0198 
0840* 
0904 
0546 
0549 
0558 
0176 
1251* 
1251 
0543 
0034 
0025 
0552 
1089 
0881 
0213 
0265 
0229 


1232 
1226* 
1330 
0873* 
0192* 
0783* 
1070 
0912* 
1107 
1162 
1176 
0182* 
1329 
1282* 
1127 
1166 
0555 
1106 
1092* 
0883 
0239 
0268 
0234 


1242 

1078 1087 1101 
1163 1276* 
1275* 

1227 1274% 

1141 1143 1231 
1202 1209 1247 
1135 1205 1226 
1161 1277* 
0884* 

0289 0297 0300 
0271 0274 0279 
1270" 
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1243 
1281“ 
1233 


0313 
0280 


1245 1278“ 
1240 1273“ 
12694 


0281 0283 0284 


1268" 


7.7 


05806 Listing Description 


This description will be useful also for understanding other program 
listings in software. 


Refer to page 001 RESET of the 05806. Тһе left most five digits (or 
field) are called line number, shown under the PAGE heading. These num- 
bers are used to keep track of the line number in the Source code that a 
particular statement was on. 


The letter appearing next to a line number (always A in the D5BUG) stands 
for ASCT, meaning "absolute section". This letter has meaning only when 
using a relocatable program. 


The next four digits are ADDR, or address. This is the actual address in 
memory for the particular instruction. For instance, line 9 (92909А) has 
Ғ 00 which is a location in the D5BUG ROM. Successive addresses are not 
necessarily in progressive order. 


The next digits are called OPCODE (one byte) for the instruction. For 
line 00009А, the OPCODE is 01. 


The next digits or field can be zero bytes, one byte, or two bytes. At 
line 00009А, there are no bytes to the right of the OPCODE, but at line 
09011А, there are two bytes (ЕЗ and FF), and at line 00013А there is one 
byte (00). This general field is called the OPERAND. 


At line 00009А, the notation NOP requires the OPERAND to be zero bytes. 
At line 00011А, the notation LDX means OPCODE CE which requires the 
OPERAND to be two bytes which are ЕЗ and FF. Thus, 10Х is load x with 
E3 and FF as specified. 


A special case of the OPERAND field is shown in line 00015А. Тһе OPCODE 
26 is for BNE, which is "Branch Not Equal". The value F8 is the relative 
offset to CLRLOP. Тһе F005 is a reference reminder that this is the 
"branch to" address. 


In line 00012А, the label CLRLOP is at address Е 05, so in line 006154, 
the "branch to" address is Ғ005. Іп the ROM, the Ғ005 is not present, 
but the notation 26 at FØØB is present, along with F8 at ғ 0с. 


At the next line, there is ал FOQD and СЕ. Thus the F005 is not a part 
of the code, but merely tells where to branch to. 


The next field may contain a letter (A, shown in the D5BUG listing) which 
again is ASCT. 


The next field is a label field but is not used very often. 1% is used 
as a reference reminder for the assembler. 
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7.7 D5BUG Listing Description (cont'd) 


An asterisk (*) in the listing in the first column of any particular line 
of the source code, means that line is a comment. No code will be 
assigned by the assembler. 


The mnemonic field (line 00009А has МОР, no operation), is the English 
equivalent of the OPCODE. 


The mnemonics are al! listed in the Instruction Set Summary booklet for 
the M6800 microprocessor. 


Also in this field are assembler directives, such as in line 00001 - NAM, 
and ОРТ (option) in the next line. These do not generate any machine 
codes. 


In line 007002, CREF and LLEN-80 stand for cross-reference and line length. 


Another operand field is shown at line 00045А. Тһе notation ЕОВВ is the 
machine code operand and PUT is the source operand. 


An operand сап be a name, or a number as in line 00032. LDAA #1 means 

` "load A immediate one". Тһе # symbol means "immediate". Also in this 
line (00032А), FU27 is the address in memory, 86 is the opcode for load 
A immediate, Ol is load with zero one. 


In line 00038, the symbol $ means hex. Іп line 00040, the % symbol stands 
for binary. In line 00023, 3, X specifies indexed addressing mode. 


In line 00044, the notation JSR ENNMI creates the code BD F7AE, which is 
explained by the comment "enable NMI" in the last field to the right. 


At the end of the listing (after line 1333), another listing, the cross 
reference, is shown. 


This starts with F789, an address for the label ABORT. 

The line numbers (in the previous listing) for ABORT are 1198 and 1202%, 
The number with the * is the line number where the label was defined, and 

the other number is the line where ABORT was used. 


In this listing, line E442 is BKPNTR. It is referenced to ten places in 
the previous listing, and is defined in line 1286. 


The cross reference listings (table) thus can be used to find any parti- 
cular label in another listing. 
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APPENDIX 1 


WARRANTY INFORMATION 


А-1/А-2 


Warranty Information 
ELENCO XK - 300 Microprocessor Trainer 


The Elenco XK - 300 Microprocessor Trainer is guaranteed 
for 90 days from the date the trainer is shipped to the customer. 
Should the trainer fail to operate properly, return it insured 
for $300.00 to ELENCO Electronics Warranty Service, 616 S. Wheel- 
ing Road, Wheeling, Illinois 60090. Enclose a description of the 
problem and include your name, company name, and the address. 


If the trainer is returned within the warranty period and the 
problem was not a result of carelessness, neglect or failure to 
follow Elenco's directions, the trainer will be repaired at no 
cost. 


Out-of-warranty repair will be at а nominal charge. If ex- 
tensive repairs or replacement are required, additional charges 
may be necessary. > 


Any use of or any changes made in the equipment except as 
instructed by Elenco will void the warranty. 


If the parts- provided for the experiments are defective, 
incorrect, or missing, notify ELENCO Electronics, following the 
instructions included with the Parts List. If you need to purchase 
additional parts, use the order form provided with the parts. If 
your trainer is damaged in shipment, notify the carrier and enter 
a claim before the delivering agent leaves. 


ELENCO ELECTRONICS, INC. Service Department 
616 S. Wheeling Road Wheeling, 111. 60090 
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MICROPROCESSOR GLOSSARY 


A-5/A-6 


Accumulator 


Adder 
Address 


Alphanumeric 


Analog Computer 
Arithmetic-Logic Unit 
ASCII Code 


Assembler 


Assembly Language 
Asynchronous 
BASIC 


BCD 
Binary 


Binary Coded Decimal 


Binary Digit 
Bistable 


Bit 
Branch 


Buffer 
Bug 


Bus 


GLOSSARY 


A register which stores the results of a computer 
operation. 

A combinational logic circuit that adds binary numbers. 
A binary number that identifies a specific memory 
storage location. 

A collection of characters containing both letters of 
the alphabet and numbers. 

A computer that uses variable voltages to represent 
numerical quantities. А specific analog computer is 
often designed to solve a relatively small number of 
problems. ) 

А combinational logic circuit that performs both 
arithmetic and logical operations in a digital computer, 
An acronym for American Standard Code for Information 
Interchange. A binary code that represents alphanumeric 
characters and various symbols. 

А computer program that automatically converts assembly 
language mnemonics into machine language. 

The next step above machine language. Substitutes 
easily remembered menemonics such as LDA and CLR for 
binary machine language instrctions such as 01100111. 

A computer operation that takes place whenever input 
information appears. Тһе basic RS flip-flop, for ex - 
ample, is an asynchronous circuit. 

An acronym for Beginner's All-Purpose Symbolic Instruc- 
tion Code. А super-easy computer language. Used with 
most personal computers. 

See Binary Coded Decimal. 

A number system with the base two. Also, a general 
term used to describe a condition or electronic circuit 
which has only two states, usually on or off. 

A number system used in digital computers and calculators 
that assigns a binary number to each об the ten decimal 
digits. 

The binary digits O or 1. 

An electronic circuit or device that has two operating 
states such as a mechanical switch, indicator lamp or 
flip-flop. 

A common abbreviation for binary digit. 

А computer program procedure that transfers control 
from one instruction to another instruction elsewhere 
in the program. 

A circuit that isolates one circuit from another circuit. 
Ап error. 1% can be a mistake in a computer program or 
a defect in the operation of a computer, 

One or more electrical conductors that transmit power 
or binary data to the various sections of a computer. 
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Byte 
Calculator 


Card 

Card Reader 

Central Processing Unit 
Character 


Chip 


Circuit 


Clock 


Code 


Combinational Logic 


Compiler 


Computer 


Control Section 


Counter 
CPU 

CRT 
Cycle 


Data 


Debug 


Decimal 


А group of eight binary bits. 

A microprocessor-based instrument designed primarily for 
solving mathematical problems. 

А paper card containing punched slots that stores 
camputer data or program instructions. 

A computer input mechanism that reads out the information 
contained on a punched card. : 
The arithmetic-logic unit and control sec- 

tions of a digital computer. 

Any letter, number or symbol that a digital computer 
can understand, store or process. 

A thin slice of silicon up to a few tenths of an inch 
Square with an intengrated circuit containing from 
dozens to thousands of electronic parts on its surface. 
A collection of electronic parts and electrical con- 
ductors that performs some useful operation. 

A circuit that produces a sequence of regularly spaced 
electrical pulses to synchronize the operation of the 
various circuits in a digital computer. 

A method of representing letters, numbers, symbols and 
data with binary numbers. 

A collection of logic gates that responds to incoming 
information almost immediately and without regard to 
earlier events. 

A fairly advanced computer program that translates a 
high-level computer language such as BASIC into machine 
language. 

An electronic device that processes discrete (digital) 
or approximate (analog) data. See Analog Computer and 
Digital Computer. 

The electronic nerve center of a digital computer, the 
Circuits that decode incoming instructions and activate 
the various sections of the computer in perfect synch- 
ronization. Part of the Central Processing Unit (CPU). 
A string of flip-flops that counts in binary. 

See Central Processing Unit. 

An acronym for Cathode-Ray Tube. The video display tube 
used in television sets and many computer terminals. 

A specific time-interval during which a regular sequence 
of computer events take place. 

Numbers, facts, information, results, signals and almost 
anything else that can be fed into and processed by a 
computer. 

The process of finding and fixing an error in a computer 
program or in the actual design of a computer. Often it 
takes more time to debug a program than to write it. 

A number system with the base ten. 
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Decision 


Decoder 
Decrement 
Demultiplexer 
Digit 


Digital Computer 


Disk Memory 
Documentation 
Encoder 


Erase 
Execute 


Field 
First Generation 
Flip-Flop 


Floppy Disk 
Flow Chart 


Gate 


Glitch 
Hard Copy 
Hardware 
Hexadecimal 


Housekeeping 


Illegal Operation 
Increment 


Integrated Circuit 


Interpreter 


А canputer operation which compares two binary words 

or checks the status of a single bit or word and then 
takes a specified course of action. 

A combinational circuit that converts binary data into 
some other number system. 

To decrease the value of a number by some fixed value, 
often one. 

A combinational circuit that applies the logic state 

of a single input to one of several outputs. 

A character in a number system that represents a specific 
quantity. 

A computer that uses discrete signals to represent numerical 
quantities. Nearly all modern digital computers are 
two-state binary machines. They can be programmed to 
solve a wide variety of problems. 

See Magnetic Disk Memory. 

An important part of computer design and program develop- 
ment. The process of recording in organized format a de- 
tailed list of operational or programming considerations. 
А combinational circuit that converts data from some other 
number system into binary. 

To clear or remove data from a memory. 

To comply with or act upon an instruction in a digital 
computer program. 

A particular category or grouping of data or instructions. 
Digital computers made with vacuum tubes. 

The basic sequential logic circuit. А circuit which is 
always in one of two possible states. 

See Magnetic Disk Memory. 

A diagram that shows the major steps or operations that 
take place in a computer program. 

The simplest electronic logic circuit. А single gate пау 
invert the logic state at its input or make a simple 
decision about the status of two or more inputs. 

An unwanted logic pulse produced when two interconnected 
logic circuits change states at slightly different times. 
A paper printout of computer results or data. 

The electronic circuits in a computer. 

A number system with the base sixteen. "Hex" numbers are 
convenient for representing 4-bit binary nibbles. 
Operations that take place in a computer or a computer 
program that clear memories, check status registers, 
organize data and otherwise set things up in preparation 
for a data processing operation. 

А program instruction that a computer cannot perform. 

To increase the value of a number by some fixed value, 
often one. 

Ап electronic circuit formed оп the surface of a tiny 
silicon chip. 

А computer program that translates and then executes a 
computer program a step at a time. 
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Interrupt 


К 


Keyboard 
Language 
Line Printer 
Logic Circuit 
Logical State 
Loop 


Machine Language 
Macroinstruction 


Magnetic Core 
Magnetic Disk Memory 
Magnetic Tape Memory 
Memory 

Microcomputer 


Microprocessor 


Microinstruction 


Mnemonic 
Multiplexer 


Negative Logic 


Nibble 
Nonvolatile Storage 


Number 


Object Program 
Output Section 


Temporarily halting the operation of a digital computer 

to respond to (service) an external event. 

A shorthand way of expressing the capacity of a computer 
memory. Corresponds to 210 (1024). Therefore a 4K 

memory stores 4,096 bits. 

A typewriter-like array of switches used to feed data 

into a digital computer manually. 

The symbols, phrases, characters and numbers used to 
communicate with a digital computer. 

A printer that prints a complete line of type in one 
operation. 

A gate or other circuit that responds to two-state signals. 
A condition which is either on or off, true or false, 

yes or no, etc. The two logical states are represented 

by the binary digits 0 and 1 in digital computers. 

A sequence of computer instructions which is repeated one 
or more times until a desired result is achieved. 

The binary language a computer understands. 

A computer instruction composed of a sequence of micro- 
instructions. 

A tiny ring of material that can store a single binary bit. 
A memory system that stores and retrieves binary data 

on record-like metal or plastic disks coated with a 
magnetic material. 

A memory system that stores and retrieves binary data 

on magnetic recording tape. 

That part of a digital computer which stores data. 

A digital computer made by combining a microprocessor 

with one or more memory circuits. Single chip microcon- 
puters are also available. 

The complete central processing unit for a digital computer 
(arithmetic-logic unit, control section and some registers 
on a single silicon chip). 

The most basic operation that takes place in a digital 
computer. 

A memory aid such as an abbreviation or acronym. 

А combinational circuit that applies the logic state of 
one of several inputs to a single output. 

A logic system where the binary bit 0 is represented by 

a high voltage level and the bit 1 by a low voltage level. 
Half a byte; a 4-bit word. 

A memory system that retains data without the need for 
electrical power. 

The representation of a quantity. Іп digital computers, 
numbers can represent data, characters, instructions, etc. 
А program written in or expressed in machine language. 

A printer, video display or other device that makes in- 
formation processed by a computer available to an oper- 
ator or an electronic device. 


Рарег Таре 

Paper Таре Reader 
Parallel Processing 
Parity Bit 

Personal Computer 
Positive Logic 


Printer 


Processor 
Program 


RAM 
Random Access Memory 


Read 


Read-Only Memory 
Read/Write Memory 
Register 

ROM 


Second Generation 
Sequential Logic 


Serial Processing 
Software 


Solid State 
Source Program 


Storage Device 
Subroutine 


Synchronous 
Teletypewriter 


Terminal 
Third Generation 


A ribbon of paper that contains binary data in the form 
of perforations. 

A computer input unit that reads data from a paper tape. 
Operating on data many bits at a time. 


‚А binary bit added to a binary word to make the total 


number of l's either even or odd. 

A microcomputer with a keyboard input designed for ease 
of use and maximum economy. 

A logic system where the binary bit 1 is represented by 
a high voltage level and the bit 0 by а Tow voltage level. 
An output device that prints computer information on a 
strip of paper. 

A digital computer. 

A list of instructions that tells a computer what to do 
and how to do it. 

See Read/Write Memory. 

A memory that offers equal access time to any storage 
location. 

To sense data from a magnetic tape, disk or punched 
card. Or to make information in a memory available 

to some other circuit. 

A memory that contains permanent data which can't be 
altered or erased. Usually designated ROM. 

A memory which contains information that can be erased 
and modified. Often designated RAM. 

A string of flip-flops that stores one word of binary 
data. А register is a temporary memory. 

See Read-Only Memory. 

Computers made with transistors. 

A collection of logic gates that responds to incoming 
information only when a clock pulse is received. 
Sequential logic circuits use flip-flops so that each 
operation is affected by previous operations. 

Operating on data a bit at a time. 

Paperwork such as programs and documentation associated 
with the operation of а computer. 

Electronic camponents or circuits made from solid materials 
Such as silicon and germanium. 

А canputer program written in a non-binary form such as 
assembly language or BASIC. 

А computer memory. 

A sequence of instructions in a computer program that 
is used more than once by the main program. 

A conputer operation that takes place under clock control. 
A typewriter-like device that can be used to feed data 
and programs into a computer and to print the output in- 
formation from a comput on a strip of paper. 

A computer input/output device. 

Computers made with integrated circuits. 


Transistor - Asolid-state electronic device which can be used as an 
amplifier or on-off switch. An integrated circuit is а 
camplex network of transistors and other components on 
the surface of a small silicon chip. 


Volatile Storage - А memory system that retains data only when electrical 
power is present. 
Word - А string of binary bits used to represent a number, 


Character or instruction in a digital computer. Computer 
words can be any length. 
Write - To place information into a memory or register. 
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СНАРТЕН 1 
INTRODUCTION 


1.0 INTRODUCTION 


Motorola Microsystem's software and development tools for the M6800 have been de- 
signed to simplify the implementation of systems using the M6800 Microcomputer Family. The M6800 
Programming Reference Manual is the basic software reference document to be used as a supple- 
ment to reference manuals for specific software products. It includes descriptions of: 


* M6800 Program-visible Registers 
е Interrupts and Stack Operations 
* M6800 Addressing Modes 
* M6800 Instruction Set 
* Commands for 

— EXbug 

— МКрид 

— MINIbug II 

— MINIbug Itt 


The manual also includes descriptions of basic M6800 Microcomputer Family components: 


— MPU 
— ROM 
— RAM 
— PIA 

— АСА 


Available User's Guides and software reference manuals include: 


M6800 EXORciser User's Guide 

EDOS И Operator's Manual 

Co-Resident Assembler Reference Manual 
Co-Resident Editor Reference Manual 

Linking Loader Reference Manual 

Macro Assembler Reference Manual 
Resident FORTRAN Reference Manual 
M68SAM Cross Assembler Reference Manual 
M68EML Simulator Reference Manual 
M68MPL Compiler Reference Manual 
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СНАРТЕН 2 
HARDWARE DESCRIPTION 


2.0 INTRODUCTION 


The MC6800 MPU is the nucleus of a series of fully bus-compatible, silicon gate NMOS 
building blocks which are interconnected into the desired microcomputer system configuration. 

Development tools are also available which emulate system function and performance so 
that hardware may be evaluated and system software and firmware generated and debugged. The 
most powerful is the M6800 EXORciser. By configuring its modules in his system's likeness, the user 


possesses a surrogate prototype with which to edit, assemble and modify his programs in real time on 
the actual hardware. 


2.1 THE BASIC MICROCOMPUTER COMPONENTS 

A minimum system can be assembled with four LSI (Large Scale Integration) bus oriented 
parts: 
MPU — Microprocessor ROM — 1024 X 8 Read Only Memory 


RAM — 128 X 8 Random Access Memory PIA — Peripheral Interface Module 


2.1.1 A Minimum System 


These parts can be interconnected without interface parts making a minimum functional 
System (Figure 2-1). Such a system can easily be adapted for a number of small scale applications by 
simply changing the application program content of the ROM. 


VMAe02 


ROM 


E RES 
CA1MN— 
CA2M—h то 


Peripheral 
лав (СТ) Бәз 


РА 


Ly rso-rsi 


АФ-А9 
ово7К 00-07 


Restart 


To 
cBie Pene 


joco; 99?*—* 


___ Data Bus 06.07 


FIGURE 2-1. Minimum System Configuration 
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Тһе minimum system may be expanded without the addition of TTL integrated circuits 


providing the load does not exceed the capacity ofthe MPU. The MPU has capacity to drive a load of 
one standard TTL input and 130 picofarads at one megahertz. 


MPU - Microprocessing Unit 


Some of the more important features of the MC6800 Microprocessing Unit that contribute 


to the "ease of use" in a system are: 


е Eight-bit parallel processing 

* Bi-directional data bus 

* Sixteen-bit address bus — 65k bytes of addressing 

* 72 instructions — variable length 

ә Seven addressing modes — Direct, Relative, Immediate, Indexed, Extended, Implied, 
and Accumulator 

* Interrupt vectoring 

* Two Accumulators 

е Index Register 

* Program Counter 

е Stack Pointer and variable length stack 

е Condition Code Register (6 codes) 

ө Separate Non-Maskable Interrupt 

* Direct Memory Access (DMA) and multiple processor capability 

* Clock operating rates up to 1 MHz 

e Simple interface without TTL 

* Hait/ Go and single instruction execution capability 

е 40 pin package 

A programming model of the microprocessing unit is represented in Figure 2-2. This 


comprises all of the registers in the MPU which are controlled explicitly by programs. The inputs and 
outputs of the MPU form five functional groups (see Figure 2-3): 


1. 8-bit data bus 

2. 16-bit address bus 

3. Controls 

4. Clock input signals 

5. Power supply and ground 

This manual, being concerned with the programming of the MPU, primarily considers the 


information being transferred on the data bus and the address bus connected to the MPU. 


In this manual, the control signals are considered only as they affect execution oí а 


program. The control signals are as follows: 


e Reset 

* Halt 

е Non-Maskable Interrupt 

ө Interrupt Request 

* Read/ Write 

* Data Bus Enable 

* Valid Memory Address 

е Three-state Control 

* Bus Available 

Reset, Halt, Non-Maskable Interrupt, and Interrupt Request are considered in Chapter 3. 


Read/ Write, Data Bus Enable, and Valid Memory Address are considered only as they relate to the 
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АССА Accurnulator А 


АССВ Accumulator B 


Index Register 


Program Counter 


15 


Stack Pointer 


Condition Codes 
Register 


Carry Borrow 
Overflow (Two's Complement) 
Zero 
Negative 
interrupt Mask 


Half Carry (From Bit 3) 


FIGURE 2-2. Programming Model of the M6800 Microprocessor 


8 Bit бата Bus 


16 Bit Address Bus 


Controls M6800 Microprocessor 


Clock Input Signals 


Power Supply and Ground 


FIGURE 2-3. M6800 Microprocessor — Inputs and Outputs 


addressing of the memory and interface units. Three-State Control, Bus Available, and the Halt control 


lines function in Direct Memory Access (DMA) and multiple processor operations. 
The execution time of any instruction in a program is directly proportional to the clock 


period and is, therefore, expressed as a number of clock cycles. Apart from the times of execution of 


instructions, the clock inputs are not otherwise considered in this manual. 
The information contained in this programming manual applies to programs written for 


execution by the microprocessing unit, and is not restricted to any particular set of parts with which the 
MPU may be interconnected in any system. Motorola offers a family of parts that are compatible with 
the MPU and which may be easily assembled into a computing system giving the user the most cost 


effective solution to his problem. 
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2.1.1.2 ROM - 1024 X 8-ВА Read Only Memory 


The MCM6830 is a mask-programmable byte-organized memory designed for use in 
bus-organized systems. It is fabricated with N-channel silicon-gate technology. The ROM operates 
from a single power supply, is compatible with TTL and DTL, and needs no clocks or refreshing 
because of static operation. 

The memory is compatible with the M6800 Microcomputer Family, providing read only 
storage in byte increments. Memory expansion is provided through multiple chip select inputs. The 
active level of the chip select inputs and the memory content are defined by the customer. Some of the 
important features of the ROM are: 

* Organized as 1024 bytes (1 byte — 8 bits) 

* Static operation 

e Three-state data output 

* Four chip select inputs (mask option) 

е Single 5 volt power supply 

ө TTL/ DTL compatible 

e Maximum access time — 575 ns 


2.1.1.3 RAM - 128 X 8-Bit Static Random Access Memory 


The MCM6810 is a byte-organized memory designed for use in bus-organized systems. It 
is fabricated with N-channel silicon-gate technology. The RAM operates from a single power supply, 
has compatibility with TTL and DTL, and needs no clocks or refreshing because of static operation. 

The memory is compatible with the M6800 Microcomputer Family, providing random 
Storage in byte increments. Memory expansion is provided through multiple chip select inputs. Some 
of the important features of the RAM are: 

е Organized as 128 bytes (1 byte - 8 bits) 

е Static operation 

* Bi-directional, three-state, data input/ output 

ө Six chip select inputs (four active low, two active high) 

® Single 5-volt power supply 

е TTL/ DTL compatible 

* Maximum access time - 1.0 us for MCM6810L 

575 ns for MCM6810L-1 


2.1.1.4 РА - Peripheral Interface Adapter 


The MC6820 Peripheral Interface Adapter provides an effective means of interfacing 
peripheral equipment to the MC6800 Microprocessing Unit (MPU). This device is capable of interfac- 
ing the MPU to peripherals through two, 8-bit, bi-directional, peripheral data buses and four control 
lines. No external logic is required for interfacing to most peripheral devices. 

The functional configuration of the PIA is programmed by the MPU during system initializa- 
tion. Each of the peripheral data lines can be programmed to act as an input or output, and each of the 
four control/ interrupt lines may be programmed for one of several control modes, as shown in Figure 
2-4. This allows a high degree of flexibility in the over-all operation of the interface. Some of the 
important features of the PIA are: 

е Ап 8-bit bi-directional data bus for communication with the MPU 

® Two bi-directional 8-bit buses for interface to peripherals 

® Two programmable control registers 
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Determine Active CA1 (СВТ) Transition for Setting 


bł O IRQA(B)1 set by high to low transition on 
CA1 (СВ1). 


ът 1: IRQA(B)1 set Бу low-to-high transition on 
CA1 (СВ1). 


СА1 (СВ1) Interrupt Request Enable/Disable 


bO = 0 : Disables IRQA(B) MPU Interrupt Бу CA1 (CB1) 
active transition. 


bO = 1: Enable IRQA(B) MPU Interrupt by САЛ (СВ1) 
active transition. 


!ROA(B) 1 Interrupt Flag (bit b7) 


Goes high on active transition of CA1 (CB1); Automatically 1. IRQA(B) will occur on next (MPU generated) posi 


ive 
cleared by MPU Read of Output Register A(B). May also Бе transition of БО if CA1 (CB1) active transition occurred 
cleared by hardware Reset. while interrupt was disabled. 
з b7 b6 b5 І b4 | ыз b2 | e] ье | 
IRQA(B)1 | IROA(8)2 СА2(СВ2) DDR CA1(CB1) 
Flag Flag Control Access Control 


= 


IRQA(B)2 Interrupt Flag (bit b6) 


CA2 (CB2) Established as input (55 = 0): Goes high on active 
transition of CA2 (СВ2); Automatically cleared by MPU Read 
of Output Register А(В). May also be cleared by hardware 
Reset. 


Determines Whether Data Direction Register Or Output 


Register is Addressed 


b2 = 0: Data Direction Register selected. 
СА? (CB2) Established as Output (b5 > 1): 1ВОА{В}2 = 0, Е 
not affected Бу СА2 (C82) transitions. 52-1: Output Register selected. 


[ =e 


CA2 (СВ2) Established as Output Бу b5 = 1 


СА? (CB2) Established as Input by b5 = 0 


b5 b4 b3 (Note that operation of CA2 and C82 
"m mew output functions are not identical) 55 ьа ыз 
1 о 
— СА2 0 deu CA2 (CB2) Interrupt Request Enable/ 
b3*0: Read Strobe With CA1 Restore Disable 
CA2 goes low on first high-to- b3=0: Disables IRQA(8) MPU 
low Е transition following ап Interrupt by CA2 (СВ2) 
MPU Read of Output Register active transition. 
A; returned high by next 
active САТ transition ЫЗ = 1: Enables IRQA(B) MPU 
Interrupt by CA2 (CB2) 
hoe]: Жаманова with E-Béitore active transition. 
СА? goes low on first high-to- 
low E transition following an Т. IRQA(B) will occur on next (MPU 
MPU Read of Output Register generated) positive transition of b3 
A; returned high by next if CA2 (C82) active transition 
high-to-low Е transition. occurred while interrupt was 
disabled. 
— C82 
. " Determines Active CA2 (СВ2) Transition 
b3: 0: Write Strobe With CB1 Restore for Setting Interrupt Flag IRGAT) 
C82 goes on low on first low- (btt b6) 
to high E transition following qo 
an MPU Write into Output Ь4= 0: ІНОА(8)2 set by high-to-low 
Register B; returned high by transition on CA2 (C82). 
the next active CB1 transition. 
5321: Write Strobe With E Restore кет nh Асе сы 
CB2 goes low on first low-to- 
high E transition following an 
b5 54 ыз MPU Write into Output 
Tune - е кр Register B; returned high by the 
1 1 next low-to-high E transition. 


— e Set/Reset СА? (C82) 


CA2 (CB2) goes low as MPU writes 
b3 = 0 into Control Register. 
CA2 (CB2) goes high as MPU writes 


b3 - 1 into Control Register. А 
FIGURE 2-4. РІА Control Register Format 
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8 Ви рата Виз 


Controls 


16 Bit Address Bus 


MPU = Microprocessing Unit 
ROM = Read-Onty Memory 
RAM = Random Access Memory 

PIA = Peripheral Interface Adapter 

ACIA = Asynchronous Communications Interface Adapter 


(MODEM - Modulator/Demodulator) 


FIGURE 2-5. Expanded M6800 Microcomputer 


Peripheral Devices 


* Two programmable data direction registers 

е Four individually controlled interrupt input lines; Two usable as peripheral control out- 
puts 

* Handshake control logic for input and output peripheral operation 

* High-impedance three-state and direct transistor drive peripheral lines 

* Program controlled interrupt and interrupt disable capability 

* CMOS compatible peripheral lines 


2.1.2 Expanding the Basic System 


The minimum system can be expanded with other family parts to meet the needs of more 


complex systems (see Figure 2-5). Motorola also is continually developing new parts to add to the 
family. 


2.1.2.1 ACIA - Asynchronous Communications Interface Adapter 


The MC6850 Asynchronous Communications Interface Adapter provides the data format- 
ting and control to interface serial asynchronous data communications information to bus organized 
Systems such as the MC6800 Microprocessing Unit. 

The bus interface of the MC6850 includes select, enable, read/ write, interrupt and bus 
interface logic to allow data transfer over an 8-bit bi-directional data bus. The parallel data of the bus 
System is serially transmitted and received by the asynchronous data interface, with proper formatting 
and error checking. The functional configuration of the ACIA is programmed via the data bus during 
system initialization. A programmable control register provides variable word lengths, clock division 
ratios, transmit control, receive control, and interrupt control (see Figures 2-6 and 2-7). For peripheral 
or modem operation, three control lines are provided. These lines allow the ACIA to interface directly 
with the MC6860L 0-600 bps Digital Modem. Some of the features of the ACIA are: 

* Eight and nine-bit transmission 


Optional even and odd parity 

Parity, overrun and framing error checking 
Programmable control register 

Optional - 1, = 16, and — 64 clock modes 
Up to 500 Kbps transmission 

False start bit detection 

Peripheral/ modem control functions 
Double buffered 

One or two stop bit operation 


Data Carrier Detect 
52 0: Indicates carrier is present 
b2 1: Indicates the loss of carrier. 


1. The tow to high transition of the ОСО in 
put causes 02= 1 and generates an interrupt 


(b7 1), (ВО. 0} 


iver Data Register Ful 
2. Reading the Status Register and Rx Data Receiver Data Register Full 


Register or master resetting the ACIA БО 0: Indicates that the Receiver Data 
causes b2 О and 57 0. Register is empty. 
БО = 1: Indicates that data has been trans 


ferred to the Receiver Data Register 


and status bits states are set (PE, 
OVRN, FE). 


1. The Read Data Command on the high-to. 


The interrupt request ри is the complement of та ОИ ВЕ Воено redet aises 
the ТВО output, Any interrupt that is set and ьо = 0. 


enabled will be available in the status register 
In addition to the normal IRQ output. 


Interrupt Request 


2. A “high” on the ОСО input causes 60-0 
and the receiver to be reset. 


b2 ыл оо 
осо TxDRE | RxDRF 


Framing Error 
94 1 Indicates the absence of the first stop 
bit resulting from character synchro 


nization error, faulty transmission, or 


a Break condition. Transmitter Data Register Empty 


b1=1: Indicates that the transmitter data 
Register is empty. 

indicates that the transmitter data 
Register is full. 


1. The mternal Rx data transfer signal causes 
5421 due то the above conditions and causes 
b4 0 on the next Rx data transfer signal if 
conditions have been rectified 


ble 


1. The internal Tx transfer signal forces b1 


2. The Write Data Command on the high-to- 
Overrun Error low Е transition causes b 1-0. 


bS 1 Indicates that a character or а num- S. Eng orc me CTS ро eausa 10. 


ber of characters were received but 


not read from the Rx data register 
prior to subsequent characters being 
received. 


1. The Read Data Command on the high-to- 
low E transition causes 55-1 and bO-1 if an 
overrun condition exists. The next Read 
Data Command on the high 10-1оуу E transi 
поп causes 55 ` 0 and b0. 0. 


Clear to Send 
The CTS bit reflects the CTS input status for 


Parity Error 


b6 1 Indicates that a parity error exists. use by the MPU for interfacing to a modem 
The parity error bit is inhibited if no m 
Нан iyi нева NOTE: The CTS input does not reset the 


transmitter. 
1. The parity error status is updated during 


the internal receiver Чата transfer signat. 


FIGURE 2-6. АСТА Status Register Format 
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Enable for Receiver interrupt Counter ratio and Master reset select used 


in both transmitters and receiver sections 
57-1: Enables interrupt Output in 


Receiving Mode b1 bo Function (Tx, Rx) 
87-0: Disables Interrupt Output in Ч zl 
Receiving Mode 001 216 
1 o +64 
1 1 MASTER RESET 
57 | b6 | b5 | ьа | ba | b2 | ы | ьо | 


RIE | TC2 теа WS3 | WS2 | wS1 соз? | созт | 


1 


Word Length, Parity, and Stop Bit Select 


Transmitter Control Bits: Controls the Interrupt Output* and RTS b4 63 b2 Word Length + Parity + Stop Bits 
Output, and provides for Transmission of a Break 000 7 Even 2 
b6 55 Function 00 1 7 Odd 2 
0 o Sets RTS = О and inhibits Tx interrupt (TIE) 010 z Even 1 
o 1 Sets RTS = 0 and enables Tx interrupt (TIE) отт г Odd 1 
1 O Sets RTS = t and inhibits Tx interrupt (TIE) 100 8 None 2 
1 1 Sets RTS = 0, Transmits Break and inhibits Tx топ 8 Мопе 1 
interrupt (TIE) 110 8 Even 1 
"ТЕ is the enable for the interrupt output in transmit mode. i.p 8 Odd 1 


FIGURE 2-7. ACIA Control Register Format 
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CHAPTER 3 
PROGRAMMING THE М6800 MICROPROCESSOR 


3.0 МАСНІМЕ СООЕ 


Each ofthe 72 executable instructions of the source language assembles into 1 to 3 bytes 
of machine code. The number of bytes depends on the particular instruction and on the addressing 
mode. (The addressing modes which are available for use with the various executive instructions are 
discussed in Chapter 4). 

The coding of the first (or only) byte corresponding to an executable instruction is sufficient 
to identify the instruction and the addressing mode. The hexadecimal equivalents of the binary codes, 
which result from the translation of the 72 instructions in all valid modes of addressing, are shown in 
Figure 3-1. There are 197 valid machine codes, 59 of the 256 possible codes being unassigned. 

When an instruction translates into two or three bytes of code, the second byte, or the 
second and third bytes contain(s) an operand, an address, or information from which an address is 


obtained during execution. This is explained along with a description of the different addressing 
modes in Chapter 4 of this manual. 


3.1 STACK AND STACK POINTER 


The stack consists of any number of locations in RAM memory. The stack provides for 
temporary storage and retrieval of successive bytes of information, which may include any of the 
following items: 

* current status of the MPU 

* return address 

* data 

The stack can be used for the following purposes: 

е interrupt control 

* subroutine linkage 

* temporary storage of data (under control of the program) 

e reentrant code 

The microprocessing unit includes a 16-bit stack pointer. This contains an address which 
enables the MPU to find the current location of the stack. 

When a byte of information is stored in the stack, it is stored at the address which is 
contained in the stack pointer. The stack pointer is decremented (by one) immediately following the 
Storage in the stack of each byte of information. Conversely, the stack pointer is incremented (by one) 
immediately before retrieving each byte of information from the stack, and the byte is then obtained 
from the address contained in the stack pointer. The programmer must ensure that the stack pointer is 
initialized to the required address before the first execution of an instruction which manipulates the 
Stack. 

Normally, the stack will consist of a single block of successive memory locations. However, 
some instructions in the source language change the address contained in the stack pointer without 
Storing or retrieving information into or from the stack. The use of these instructions may result in the 
Stack being other than one continuous sequence of memory locations. In such a case, it may 
alternatively be considered that there exist two or more stacks, each of which consists of a block of 
successive locations in the memory. 
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90 . 40 NEG A 80 SUB A IMM ! CO SUB B IMM 
01 NOP 41 k 81 CMP A IMM | ст СМР в IMM 
02 3 42 ја 82 звс А IMM {C2 SBC B IMM 
03 ү 43 сом А 83 3 C3 7; 

04 ы 44 LSR A 84 AND A IMM | C4 AND B IMM 
05 М 45 : 85 BIT A IMM | C5 BIT B IMM 
06 TAP 46 ROR A 86 LDA A IMM | C6 LDA B IMM 
07 TPA 47 ASR A 87 - C7 “ 

08 INX 48 ASL A 88 EOR A IMM | СВ EOR B IMM 
09 DEX 49 ROL A 89 ADC A IMM | C9 ADC B IMM 
OA CLV 4A DEC A 8A ORA A IMM | СА ОҢА B IMM 
08 SEV 4B M 8B ADD A "ММ | СВ ADD в IMM 
ос ас 4С ІМС А 8С CPX А мм |CC ` 

OD SEC 4D  TST A 8D  BSR REL|CD ` 

ОЕ си 4Е Ы ВЕ (05 ММ | СЕ LOX IMM 
OF SEI 4Е СІН А ЗЕ u СЕ * 

10 5ВА 50 МЕС в 90 SUB A DIR 100 SUB B DIR 
11 CBA 51 Ы 91 СМР А DIR | Dt CMP B DIR 
12 M 52 Е 92 SBC A DIR |02 SBC B DIR 
13 г 53 сом в 93 Ы 03 bi 

14 P 54 LSR B 94 AND A DIR {D4 AND B DIR 
15 _ 55 d 95 BIT A DIR 105 BIT B DIR 
16 TAB 56 ROR B 96 LDA A DIR |06 LDA B DIR 
17 TBA 57 ASR B 97 STA A DIR {07 STA B DIR 
18 * 58 ASL B 98 EOR A DIR | D8 EOR B DIR 
19 DAA 59 ROL B 99 ADC A DIR |09 ADC В DIR 
1A R 5A DEC B 9A ORA A DIR |DA ORA B DIR 
1B ABA 5B М 9B ADD А DIR |08 ADD B DIR 
1С ја 5С ІМС в 9С СРХ DIR |OC ` 

1D i 5D  TST B 9D “ DD ` 

ЛЕ * 5Е у 9Е 105 DIR |DE | LOX DIR 
1F % SF CLR B OF STS DIR |DF. STX DIR 
20 ВНА REL | 60 МЕС IND | AO SUB А IND | ЕО Sua B8 IND 
21 E 61 » АТ СМР А IND |E1 CMP в IND 
22 BHI REL | 62 i A2  SBC A IND | E2 SBC B IND 
23 BLS REL|63 COM IND | АЗ * ES “ 

24 BCC REL | 64 LSR IND | А4 AND A IND |E4 AND B INO 
25 BCS REL | 65 қ А5 ВТ А IND | Е5 BIT B IND 
26 BNE REL | 66 ROR IND [А6 LDA A IND | E6 LDA B IND 
27 ВЕО REL | 67 ASR IND | A7 STA A IND | Е? STA B IND 
28 BVC REL | 68 ASL IND|AB EOR A IND | ЕВ ЕОВ 8 IND 
29 BVS REL | 69 ROL IND |A9 ADC A IND | Е9 ADC B IND 
2A BPL REL | 6А DEC IND | AA ORA A IND |EA ORA B IND 
2B BMI REL | 68 à AB ADD A IND [EB ADD 8 IND 
2С BGE REL | 6С INC МО | АС CPX IND [EC * 

20 вт ВЕ | 60 TST IND | АБ JSR IND |ED ` 

2Е BGT REL | 6E JMP IND | АЕ LOS IND | ЕЕ ох IND 
2F BLE REL | 6F CLR 1МО | АҒ STS IND |EF STX IND 
30 TSX 70 NEG EXT|BO SUB A EXT | ҒО SUB B EXT 
31 INS 71 Б Ві СМР А EXT [Рт СМР B EXT 
32 PUL A 72 й B2 SBC A EXT | Е2 SBC B EXT 
33 PUL B 73 COM ЕХТІВЗ ` F3- * 

34 DES 74 LSR EXT|B4 AND A EXT | F4 AND B EXT 
35 TXS 75 Е 85 BIT A EXT |F5 BIT в ЕХТ 
36 PSH A 76 ROR ЕХТ|В6  LDA A EXT | F6 LDA B EXT 
37 PSH B 77 ASR EXT| B7 STA A EXT | F7 STA B EXT 
38 je 78 ASL EXT | B8 EOR A EXT | ЕВ ADC B EXT 
39 RTS 79 ROL EXT| B9 ADC A EXT |F9 ADC B EXT 
3A z 7A DEC EXT| BA ORA A EXT | РА ОВА в ЕХТ 
3B RTI 7B H BB ADD A EXT |FB ADD B EXT 
3C i 7C INC ЕХТ | ВС CPX EXT |FC ` 

3D ` 7D  TST EXT|BD  JSR EXT |FD * 

ЗЕ МА! ТЕ ЈМР ЕХТ | ВЕ 108 ЕХТ | РЕ LDX EXT 
ЗЕ SWI ТЕ CLR ЕХТ | ВЕ STS EXT | FF STX EXT 
Notes: 1. Addressing Modes: A Accumulator A мм Immediate 
B Accumulator B DIR Direct 

REL Relative 
IND Indexed 


2. Unassigned code indicated by ` 


TABLE 3-1. Hexadecimal Values of Machine Codes 
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3.2 SAVING MPU STATUS 


The status of the microprocessing unit is saved in the stack during the following opera- 


tions: 


ө in response to an external condition indicated by a negative edge on the Non-Maskabie 


Interrupt control input signal to the MPU. 


e during execution of the machine code corresponding to either of the source language 
instructions SWI (Software Interrupt) ог МА! (Wait for interrupt). 

* during servicing of an interrupt from a peripheral device, in response to a negative edge 
on the Interrupt Request control input signal to the MPU and provided the interrupt mask 


bit (1) is clear. 


The status is stored in the stack in accordance with the scheme shown in Figure 3-2. 
Before storing the status, the stack pointer contains the address of a memory location represented in 
Figure 3-2 by “т.” The stack, if any, extends from location “т + 1” to higher locations. The status is 
stored in seven bytes of memory, beginning with the byte at location “m,” and ending with the byte at 
location “m — 6.” The stack pointer is decremented after each byte of information is entered into the 


stack. 


The information which is saved in the stack consists of the numerical content of all of the 
registers of the programming model, shown in Figure 2-2, except the stack pointer. 
The value stored for the program counter (PCH and PCL) is in accordance with the 


following rules: 


1. Inresponse to a Non-Maskable Interrupt or to an interrupt from a peripheral device, the 
value saved for the program counter is the address of that instruction which would next 


be executed, if the interrupt had not occurred. 


2. During execution of a SWI or WAI instruction, the value saved for the program counter is 


the address of that SWI or WAI instruction, plus one. 


SP 
сс 


АССВ- 
АССА = 
IXH = 


XL 


РСН = 
PCL = 


Before After 


Stack Pointer 

Condition Codes (Also called the Processor Status Byte) 
Accumutator В 

Accumulator A 

Index Register, Higher Order В Bits 

Index Register, Lower Order 8 Bits 

Program Counter, Higher Order 8 Bits 

Program Counter, Lower Order 8 Bits 


FIGURE 3-2. Saving the Status of the Microprocessor in the Stack 
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The values stored for the other registers (СС, ACCB, АССА, IXH and IXL) аге in accor- 

dance with the following rules: 

1. In response to a Non-Maskable interrupt, or an interrupt from a peripheral device, the 
values saved are those which resulted from the last instruction executed before the 
interrupt was serviced. 

2. During execution of a SWI ог WAI instruction, the values saved are those which resulted 
from the last instruction executed before the SWI or WAI instruction. 

3. The condition codes H, |, М, Z, V, and C, in bit positions 5 thru 0 of the processor 
condition code register, are stored respectively in bit positions 5 thru O of the applicable 
memory location in the stack. Bit positions 7 and 6 of that memory location are set (go to 
the 1 state). 


3.3 INTERRUPT POINTERS 


A block of memory is reserved for pointers, which provide for read-only storage of the 
addresses of programs which are to be executed in the event of a reset (or power on), а low state of the 
Non-Maskable Interrupt control input, a software interrupt, or a response to an interrupt signal from a 
peripheral device. The respective pointers each occupy two bytes of memory and are disposed at 
locations from "n — 7" to "n," as indicated in Figure 3-3. 

The location indicated in Figure 3-3 by “п” is that location which is addressed when ali the 
lines of the address bus are in the high (“1”) state. In most systems, the location “п” will be the highest 
address in the memory. However, the correspondence of "n" to a particular numerical value depends 
on the hardwired interconnections of the parts of the programmable system to the address bus. 


3.3.1 Reset (or Power On) 


The Reset control input to the MPU is used to start the execution of the program, either for 
initial start-up or from a power down condition following a power failure. When a positive edge is 
detected on this input line, the program counter is loaded with the address stored in the restart pointer 
at locations "n — 1" and "n" of memory (see Figure 3-3). The MPU then proceeds with execution of a 
Restart Program, which begins with the instruction addressed by the program counter. The restart and 
the continued execution, however, depends on the Go/ Halt control input being in the "Go" condition. 

When the Go/ Halt control input is in the high state, the machine will fetch the instruction 
addressed by the program counter and start execution. When this line changes to a low, execution will 


A n-7 
Internal Interrupt Pointer 
n-6 
п-5 
Software Interrupt Pointer 
n-4 
n-3 
Non-Maskable Interrupt Pointer — > 
да 
а-1 
Reset Pointer 
n 


n= Memory Location Addressed When All Lines of 
The Address Bus are in the High (1) State. 


FIGURE 3-3. Reset and Interrupt Pointers 
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stop. Тһе stop тау become effective at the completion of execution о! the current instruction. 
Alternatively, one more instruction тау be executed before the stop becomes еНесіме, due to the 
look-ahead capability described in Section 3.3.8. Execution of the program will not be resumed until 
the “бо” condition is restored. 

TheGo/ Halt input must remain in the “Go” condition for the interrupt sequences to be 
completed. Otherwise, the machine will stop execution at the end of an instruction. The following 
sections of this manual, which describe the interrupt operations, assume that the "Go" state is 
maintained. 


3.3.2 NMI — Non-Maskable Interrupt 


The sequence of operations, which occurs following a non-maskable interrupt, is initiated 
by a negative edge on the Non-Maskable Interrupt control input to the MPU. Execution of the current 
instruction is completed. The response of the MPU to the Non-Maskable Interrupt signal may begin on 
the completion of execution of the current instruction. Alternatively, one or more instructions in the 
program may first be executed, due to the look-ahead capability of the MPU described in Section 
3.3.8. 

The status of the MPU is then saved in the stack, as described in Section 3.2 and the 
program counter is loaded with the address stored in the Non-Maskable Interrupt pointer at locations 
"n 3” and "n — 2" of memory (see Figure 3-3). The MPU then starts execution of the Non-Maskable 
Interrupt Program, which begins with the instruction which is now addressed by the program counter.. 


3.3.3 SWI — Software Interrupt 


During execution of the SWI instruction, the status of the MPU is saved in the stack, as 
described in Section 3.2. The value saved for the program counter is the address of the SWI 
instruction, plus one. 

After the status has been saved, the interrupt mask bit “l” is set (| = 1). The MPU will not 
respond to an interrupt request from a peripheral device while the interrupt mask bit is set. 

The program counter is then loaded with the address stored in the software interrupt 
pointer at locations "n - 5" and "n — 4" of memory (see Figure 3-3). The MPU then proceeds with 
execution of a Software Interrupt Program, which begins with the instruction whose address is now in 
the program counter. 

The MPU will remain insensitive to an interrupt request from any peripheral device 
(signalled by a "low" state of the Interrupt Request control input signal to the MPU) until the interrupt 
mask bit has been reset by execution of the programmed instructions. 


3.3.4 IRQ — Interrupt Request 


A request for an interrupt by a peripheral device is signalled by a low state of the Interrupt 
Request control input to the MPU (IRQ). 

The MPU will not respond to an Interrupt Request while the interrupt mask bit is set {| = 1). 
Normal execution of the program continues until the interrupt mask bit is reset (1 — O)enabling the MPU 
to respond to the Interrupt Request. 

Execution of the current instruction will always be completed before the MPU responds to 
an Interrupt Request. The response of the MPU to the Interrupt Request may begin on the completion 
ofthe current instruction. Alternatively, one more instruction in the program may first be executed, due 
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to the look-ahead capability of the MPU described in Section 3.3.8. The Response of the MPU to the 
interrupt Request then proceeds as follows: 
1. Saving the Status 
Provided the last instruction executed was not a WAI instruction, the status of the MPU 
is saved in the stack, as described in Section 3.2. The value saved for the program 
counter is the address of the instruction which would be the next to be executed if the 
interrupt had not occurred. If the last instruction executed was a WAI instruction, the 
address of the next instruction is not saved since PC and MPU status were already 
saved by the WAI instruction in preparation for an interrupt. 
2. Interrupt Mask 
The interrupt mask bit is then set (I — 1). This prevents the MPU from responding to 
further interrupt requests until the interrupt mask bit has been cleared by execution of 
programmed instructions. 
. Internal Interrupt Pointer and Program 
The program counter is loaded with the address stored in the internal interrupt pointer at 
locations "n — 7" and “n — 6" of memory (see Figure 3-3). The MPU then proceeds with 
execution of an internal interrupt program, which begins with the instruction currently 
being addressed by the program counter. The internal interrupt pointer is selected by 
logic which is internal to the MPU. At the point when execution of the internal interrupt 
program begins, no distinction will have been made regarding the source ofthe interrupt 
request. іп a system in which there is more than one possible source of interrupt 
request, the internal interrupt program must include a routine for identifying the origin of 
the request. In a system composed of the Motorola Microcomputer Kit, this routine 
would consist of a programmed interrogation of the addressable registers of the PIAs 
and ACIAs, in order to identify the peripheral device which has requested the interrupt. 
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3.3.5 WAI — Wait Instruction 


During execution of the WAI instruction, the status of the MPU is saved in the stack, as 
described in Section 3.2. The value saved for the program counter is the address of the WAI 
instruction, plus one. 

Execution of the WAI instruction does not change the interrupt mask bit. 

If the interrupt mask bitis set (I = 1), the MPU cannot respond to an interrupt request from 
any peripheral device. Execution stops after MPU status is saved and can be resumed only via a 
Non-Maskable Interrupt or a reset interrupt. 

If the interrupt mask bit is in the reset state (1 = 0), the MPU will service any interrupt 
request which may be present. If the Interrupt Request input is in tne high state, execution will be 
suspended, and the MPU will wait for an Interrupt Request to be signalled. If an Interrupt Request is 
signalled by the Interrupt Request input changing to the low state, the interrupt will be serviced as 
previously described: the interrupt mask bit will be set, the program counter will be loaded with the 
address stored in the internal interrupt pointer, and execution of the internal interrupt program will 
begin. 


3.3.6 Manipulation of the Interrupt Mask Bit 


The interrupt mask bit is affected by execution of the source language instructions SWI 
and RTI, and by the servicing of an interrupt request from a peripheral device, as has been previously 


described. The interrupt mask may also be manipulated by the use of any ofthe following instructions: 

* CLI — clear interrupt mask bit 

ө SEI — set interrupt mask bit 

* TAP — transfer accumulator A to processor condition codes register 
The state of the interrupt mask bit can also be affected as a result of the following instruction: 

ә TPA — transfer the processor condition codes register to accumulator А. 

During execution of the TPA instruction, the condition codes H, | М, Z, V, and C, in bit 
positions 5 thru 0 of the processor condition codes register are stored respectively in bit positions 5 
thru 0 of accumulator A. Bit positions 7 and 6 of accumulator A are set (i.e. go to the 1 state). After 
execution of the TAP instruction, the state of each of the condition codes (H, I, М, Z, V, C) will be 
whatever is retrieved from the respective bit positions (5 thru 0) of accumulator A. 


3.3.7 Special Programming Requirements 


A comprehensive program should make provision for the following special requirements: 

(a) Pointers: 
The program should place the addresses of the reset and interrupt routine in the 
respective pointers (see Figure 3-3) at the high-address end of memory. The addres- 
ses would usually be placed in the pointers by use ofthe РОВ assembler directive in the 
Source program. 

(b) Reset and Interrupt Sequences: 
The sequences of instructions to be addressed by the Reset pointer, the Non- 
Maskable Interrupt pointer, the Software Interrupt pointer, and the Internal Interrupt 
pointer, should be provided in the program. 

(c) Input and Output: 
The program would normally include provisions for inputs and outputs relating to 
peripheral devices. In a programmable system composed of the parts of the Motorola 
Microcomputer Family, the input and output routines would involve reading and writing 
coded data from and into the addressable registers of the PIAs and ACIAs. The input 
and output routines would normally be reached via conditional branch instructions in 
the Internal Interrupt Program. 


3.3.8 Look-Ahead Feature 


The MPU responds, at the completion of the instruction being executed, to any of the 
following signals: 

® Halt 

* Non-Maskable Interrupt 

* Interrupt Request (when the interrupt mask is in the reset state). 

However, ifthe interrupt occurs during the last cycle of an instruction, the look-ahead to the 
next instruction feature will mask the interrupt until the completion of the next instruction. 


3.3.9 RTI — Return from Interrupt 


The source language instruction RTI assembles into one byte of the machine code. 
Execution of this instruction consists of the restoration of the MPU to a state pulled from the stack. 
The information which is obtained from the stack provides for the numerical content of the 
registers of the programming model shown in Figure 2-2. The operation is the reverse of that 
represented in Figure 3-2. Seven bytes of information are pulled from the stack and stored in 
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respective registers of the MPU. The address stored in the stack pointer is incremented before each 
byte of information is pulled from the stack. ; 

After execution of the RTI instruction, the state of each of the condition codes (H, |, М, Z, V, 
and C) will be whatever is retrieved from the respective bit positions (5 thru 0) of the applicable 
memory location in the stack. п particular, it should be noted that the interrupt mask bit (I-bit) may бе 
either set or reset by execution of the АТ! instruction. 


3.4 SUBROUTINE LINKAGE 


The stack provides an orderly method of calling a subroutine and returning from the 
subroutine. Use of a stack allows subroutine calls when in a subroutine (subroutine nesting). 


3.4.1 Call Subroutine (BSR or JSR) 


Areturn address is savedin the stack during execution of the machine code corresponding 
to either of the source language instructions BSR (branch to subroutine) or JSR (jump to subroutine). 

The return address is stored in the stack in accordance with the scheme shown in Figure 
3-4. Before storing the return address, the stack pointer contains the address of a memory location 
represented in Figure 3-4 by "m." The stack, if any, extends from memory location "m + 1" to higher 
locations. The return address is stored in two bytes of memory, at locations "m — 1" and "m." The 
stack pointer is decremented after each byte of the return address is pushed into the stack. 

For either of the instructions (BSR ог JSR), the return address saved in the stack is that of 
the next byte of memory following the bytes of code which correspond to the BSR or JSR instruction. 
Thus, for the BSR instruction, the return address is equal to the address of the BSR instruction, plus 
two. For the JSR instruction, the return address is equal to the address of the JSR instruction, plus 


three or plus two; according to whether the instruction is used with the extended or the indexed mode 
of addressing. 


3.4.2 RTS — Return From Subroutine 


During execution of the RTS instruction, the return address is obtained from the stack and 
loaded into the program counter. The address stored in the stack pointer is incremented before each 
byte of the return address is pulled from the stack. This operation is the reverse of that represented in 
Figure 3-4. 


m2 —— SP 
т-1 
т a SP 
mi 
mi2 “ x 

5 5 
таз 2 Ы 

v [^] 


SP - Stack Pointer 
ВАН = Return Address, Higher Order 8 Bits 


RAL - Return Address, Lower Order 8 Bits 


FIGURE 3-4. Saving a Return Address in the Stack 
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3.5 DATA STORAGE ІМ THE STACK 


The source language instruction PSH is used for storing a single byte of data in the stack. 
This instruction addresses either register A or register B. The contents of the Specified register is 
stored in the stack, in accordance with the scheme represented in Figure 3-5. The address contained 
in the stack pointer is decremented. 

Conversely, the source language instruction PUL retrieves data from the stack. This 
instruction addresses either register A or register B. The address contained in the stack pointer is 
incremented. A single byte of data is then obtained from the stack and loaded into the specified 
register. The operation is the reverse of that represented in Figure 3-5. 


3.6 REENTRANT CODE 


Reentrant code is an attribute of a program that allows the program .to be interrupted 
during execution, entered by another user, and subsequently, reentered at the point of interruption by 
the first user, thus producing the desired results for all users: a program with an intermediate state of 
execution that is totally restorable when it is reentered after an interruption. 


The instruction TSX allows data on the stack to be manipulated by the indexed mode of 
addressing. 


3.7 MANIPULATION OF THE STACK POINTER 


The address saved in the stack pointer is affected by execution of the source language 
instructions (SWI, WAI, RTI, BSR, JSR, RTS, PSH, and PUL) and also by the servicing of a 
Non-Maskable Interrupt or an Interrupt Request from a peripheral device, as previously described. In 
these operations, the stack pointer is coordinated with the storing and retrieval of information in the 
stack. 

The address in the stack pointer may also be manipulated without storing or retrieving 
information in the stack. This is carried out by the following source language instructions: 

* DES — decrement stack pointer 


* INS — increment stack pointer 
* LDS — load the stack pointer 
® TXS — transfer index register to stack pointer 


Before 


SP * Stack Pointer 


ACCX - Accumulator A or B 


FIGURE 3-5. Data Storage in the Stack 
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Тһе use of any of these four instructions сап result in the stack being other {Пап а Моск of 
successive locations in memory. . 

The content of the stack pointer is also involved in execution of the following instructions: 

е STS — store the stack pointer 

e TSX — transfer stack pointer to index register 

The instruction TSX loads the index register with a value equalto the contents of the stack 
pointer, plus 1. The instruction TXS loads the stack pointer with a value equal to the contents of the 
index register, minus 1. This is in accordance with the operation of the stack pointer during execution 
ofthe instructions SWI, WAI, BSR, JSR, or PSH, or during servicing of an interrupt from a peripheral 
device; in which case the stack pointer is set to one less than the address ofthe last byte stored in the 
Stack. 
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СНАРТЕН 4 
М6800 MICROPROCESSOR ADDRESSING MODES 


4.0 ADDRESSING MODES 


The assembler scans the operator and operand to determine the proper addressing mode. 
The addressing modes are: 

* Dual Addressing 

* Accumulator Addressing 

е Inherent Addressing 

е Immediate Addressing 

e Relative Addressing 

* Indexed Addressing 

* Direct and Extended Addressing 


4.1 DUAL ADDRESSING 


Eleven of the executable instructions require addressing of two operands in the operand 
field. These instructions are indicated in Figure 4-1 by the column headed Dual Operand. For all of 
these operators the first operand must be either accumulator A or accumulator B. This is specified 
respectively by A or B as the first character in the operand field, the second character in the operand 
field being a SPACE. 

For dual addressing the specification of the first operand (either A or B) is separated from 
that of the second operand by one or more SPACE characters. 

The second operand is specified in the operand field in accordance with the rules for 
immediate, direct, extended, or indexed addressing (as subsequently defined); depending on which 
modes of addressing are valid for the individual operators. (For nmemonic operators which employ 


dual addressing, it is permissible to omit the SPACE between the operator and the first operand field 
— LDAA LABEL). 


4.2 ACCUMULATOR ADDRESSING (SINGLE OPERAND) 


Thirteen of the operators address a single operand from the operand field and, thus, can 
address either accumulator A or accumulator B in the microprocessing unit. These operators are 
indicated by the column headed ACCX in Figure 4-1. This mode of addressing is specified by writing 
an operand field consisting only of the single character A or B (corresponding to accumulator A or 
accumulator B). For this type of addressing, it is then permissible to omit the SPACE between the 
operator and the operand field. 

For this type of addressing, the assembly of a source instruction results in one byte of 
instruction in the machine language. For operators PUL and PSH, the accumulator mode is the only 
valid mode of addressing. The remaining eleven operators capable of this mode of addressing can 
alternatively be used with extended or indexed addressing. 


4.3 INHERENT ADDRESSING 


Іп many cases, the mnemonic operator itself specifies one or more registers which contain 
operands or in which results are saved. For example, the operator ABA requires two operands which 
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are located in accumulator A and accumulator B of the microprocessor. Тһе operator also determines 
that the result of execution will be saved in accumulator A. | 

Рог some executable instructions, all of the information which тау Бе required for the 
addressing is contained in the mnemonic operator, and no operand field is used in the source 
statement. There are 25 such instructions. These are indicated by the column headed Inherent in 
Figure 4-1. 

Assembly of this type of source instruction results in only one byte of machine language 
code. Some other operators which contain addressing information inherently in the mnemonic code 
also require further addressing or operand information which is then placed in an operand field. 
Examples are the operators CPX, LDS, LDX, STS and STX. 


4.4 IMMEDIATE ADDRESSING 


The operators with which the immediate mode of addressing is permissible are indicated 
by the column headed Immediate in Figure 4-1. This mode of addressing is selected by beginning the 


specification of the corresponding operand (in the operand field of a source statement) with the pound 
character “#”. 


© s 
5 š 5 , 
% а " 5 2 т e 

Š, š . Ep LE JE ee s 

Sox 8g Š 9 ° £ s 5 2 8 $E 5 

5 О E 8 3 в 5 д Е ° а $ вр 

88 E á š š £ ë 8 < Е ó š £ £ 
ABA . . . . e 2 e INC 2 . e 6 7 ә 
ADC x e 2 3 4 5 е e INS e >» о о о 4 
ADD хе 2 3 4 5 e e INX > о о е 9 4 
AND x ° 2 3 4 5 е e JMP . . . 3 4 e 
ASL 24 e 6 7 в ә JSR во. 9 В e 
ASR 29 e 6 7 е e LDA x е 2 3 4 5 e 
BCC eo è © «ж o è 4 LOS e 3 4 5 6 е 
BCS . 4. ә 9 9 4 LDX e 3 4 5 6 e 
BEA ° о 9 Ке 9 о 4 LSR 2 о e 6 7 e 
BGE « e ә © о e 4 NEG 2. е 6 7 о 
BGT e о e о o è 4 NOP оо о 4 9 2 
BHI e * © о о «© 4 ORA x e 2 3 4 5 е 
BIT Хе 2 3 4 5 е e PSH 4 во... 9 
ВЕ e e е è оо 4 PUL 4 e è o o oè 
BLS e è è © о © 4 ROL 2 е. 6 7 e 
BLT «© о о o e è 4 ROR 224 e 6 7 ° 
BM! ° ° о 9 е о 4 RTI e e e è>» о 10 
BNE . 9 è 9 9 . 4 RTS ° о ° . 5 
BPL ° ° о o е è 4 SBA e о è o э 2 
ВНА . e o è> o о 4 SBC хе 2 3 4 5 e 
BSR e © © ооо 8 SEC eo о 2. 2 
BVC . . . . ° о 4 SE! ° . . . . 2 
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СВА . ° . . . 2 e STA х e . 4 5 6 . 
сс . . . . . 2 ә STS e . 5 6 7 че 
си . . . ° . 2 e STX . ° 5 6 7 . 
CLR 2 e ° 6 7 eè . SUB x . 2 3 4 5 . 
CLV е ° . . 2 SWI . . . . . 12 
СМР х . 2 3 4 5 . . ТАВ ° . . . . 2 
сом 24 о 6 7 ә e ТАР е... 2 
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NOTE: Interrupt time is 12 cycles from the епа of 


the instruction being executed, except following 
а WAI instruction. Then it is 4 cycles. 


FIGURE 4-1. instruction Addressing Modes and Execution Times (Times in Machine Cycles) 
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With the immediate mode of addressing, the operand field of the source statement either 
contains the actual value of the operand, or it includes a symbol or an expression which has an 
algebraic value equal to the value of the operand. The operand may be specified in accordance with 
any of the following formats: 

# Number 

# Symbol 

# Expression 

#°C 

In the first three of these alternate forms, the assembler will find or compute a numerical 
value of the operand. For any executive instruction in the immediate mode of addressing (except CPX, 
LDS, or LDX), the numeric values must be an integer from 0 to 255 (decimal). For the operators CPX, 
LDS, or LDX, any value from 0 to 65535 (decimal) is valid. 

In the last of the alternate forms (#'C), the apostrophe instructs the assembler to translate 
the next character into the corresponding 7-bit ASCII code. The ASCII code so obtained is then the 
value of the operand. The single character “С” can be any character of the АЗСИ character set with a 
hexadecimal value from 20 (SP) thru 5F ( ). 

For the immediate mode of addressing, the assembler inserts the actual value of the 
operand into the machine code. Except for the three operators (CPX, LDS, and LDX), an instruction in 
the immediate mode is assembled into two bytes of machine code and the value of the operand is 
entered in the second byte. When it is a number, the operand is entered in the memory in unsigned 
8-bit binary code. When itis an ASCII character, the corresponding 7-bit ASCII code applies, using bits 
0-6 with bit 7 set to zero. 

For the three operators (CPX, LDS, or LDX) used in the immediate mode, the source 
Statement is assembled into three bytes of machine code. The numerical operand (which can have 
any value from 0 thru FFFF) will be entered in the second and third bytes. The second byte will contain 
the most significant part of the operand and the third byte will contain the least significant part of the 
operand. Both parts are entered into the respective bytes of the memory in unsigned 8-bit binary code. 

The operators (CPX, LDS, or LDX) in the immediate mode are not normally used with an 
operand in the format 4'C. However, in such a case, the assembler would place the ASCII coded 
character “С” in the third byte of the machine code corresponding to the source instruction. 

When the immediate mode of addressing is used, the numerical address is in effect that of 
the second byte of machine code which results from assembly of the source instruction. Data flow for 
the immediate addressing mode is shown in Figure 4-2. 


MPU 


PROGRAM 
MEMORY 


PROGRAM 
MEMORY 


РС - 5002 


GENERAL FLOW EXAMPLE 


FIGURE 4-2. immediate Addressing Mode Data Flow 
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4.5 RELATIVE ADDRESSING 


For the relative addressing mode to be valid, there is a rule which limits the distance in the 
machine language program from the branch instruction to the destination of the branch. The rule 
which applies to the relative addressing mode is thatthe address ofthe destination ofthe branch must 
be within the range specified by: 

(РС + 2) - 128 = D < (PC + 2) + 127 
where 

PC = address ot the first byte of the branch instruction. 

D = address of the destination of the branch instruction. 

When it is desired to transfer control beyond the range of the branch instructions, this can 
be done by using JMP (unconditional jump) or JSR (jump to subroutine). These instructions do notuse 
the relative mode of addressing. 

The assembler translates a branch instruction into two bytes of the machine code. The 
second byte contains a relative address. This is stored as a number in 8-bit, two's complement, binary 
form, with a decimal value in the range of - 128 to + 127. These numbers correspond to the limits of the 
range of a branch instruction, as described above. 

The relationship between the relative address and the absolute address of the destination 
of a branch instruction is expressed by: 

О = (РС + 2) + В 
where: 

PC = address of the first byte of the branch instruction 

D = address of the destination of the branch instruction 

R = the 8-bit, two's complement, binary number, stored in the second byte of the branch 

instruction. 

The relative addressing mode is available only to the conditional branch instructions, the 
unconditional branch instruction (BRA), and the branch to subroutine (BSR). None of these source 
instructions can use any other of the several modes of addressing. The three-character mnemonic 
instruction, therefore, is sufficient to determine when the relative mode of addressing will be used for 
the assembler. An example of the data flow for the relative addressing mode is shown їп Figure 4-3. 


4.6 INDEXED ADDRESSING 


The Indexed column of Figure 4-1 indicates the instructions for which indexed addressing 
is valid. 

With this mode of addressing, the numerical address is variable; depending on the 
contents of the index register. The current address is obtained whenever it is required during the 
execution of a program, rather than being predetermined by the assembler as it is for the other 
addressing modes. The operand field of the source statement contains a numerical value which, when 
added to the contents of the index register during execution of the program, will provide the numerical 
address. Alternatively, the operand field may contain a symbol or an expression which the assembler 
is able to replace by the value which is to be added to the contents of the index register. An example of 
the indexed addressing mode is shown in Figure 4-4. 

In indexed addressing, the data for obtaining the numerical address may be written in any 
of the formats: 

X 

X 

Number,X 

Symbol,X 

Expression,X 
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MPU 


MPU 
HINZvC 
RAM 


PROGRAM 
MEMORY 


PROGRAM 
MEMORY 


(РС + 2) 


(РС +2) + 
(OF FSET) 


PC = 5025 


GENERAL FLOW EXAMPLE 


FIGURE 4-3. Retative Addressing Mode Data Flow 


MPU MPU 


ADDR = МОХ 


+ OFFSET ADOR = 405 


PROGRAM 
MEMORY 


PROGRAM 
MEMORY 


OFFSET: 255 
GENERAL FLOW EXAMPLE 


FIGURE 4-4. Indexed Addressing Mode 


The single character X informs the assembler that the indexed mode is to be used (the character X 
being reserved to denote the index register). 

The format X, when used alone, instructs the assembler that the address of the operand is 
identical with the contents of the index register. This format has the same effect on the assembly as if 
0,Х had been written. 

If a symbol or an expression is used rather than a number, the assembler will find or 
compute a numerical value of that symbol or expression. The source program must then include other 
statements which define a numerical value for the symbol or which enable the assembler to compute a 
numerical value for the symbol or expression. Only values from zero to FF (hexadecimal) are valid. 
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This value із added to the contents of the index register during execution to obtain (пе питегіса! 
address as shown in the following formula: 

D = numerical value + X 
where 

X = contents of index register 

D = numerical address 

For indexed addressing, the source instruction is translated into two bytes of the machine 
code. The second byte contains the number, in unsigned 8-bit binary form, which is added to the 
contents of the index register during execution of the instruction. The number thus obtained is the 
numerical address (in accordance with the previous formula). 


4.7 DIRECT AND EXTENDED ADDRESSING 


In direct addressing, the source instruction is translated into two bytes of machine code. 
The second byte will contain the address in unsigned 8-bit binary form. 

in extended addressing, the source instruction is translated into three bytes of machine 
language. The second of these bytes will contain the highest 8 bits of the address. The third byte will 
contain the lowest 8 bits of the address. The contents of the second and third bytes will both be coded 
in unsigned 8-bit binary form. 

For both direct and extended addressing, the address, which is placed by the assembler 
into the second or third bytes of the machine code, is the absolute numerical address. 

As тау be seen in Figure 4-1, there are several instructions for which the extended mode 
of addressing is valid and not the direct mode. For these instructions, when using any of the number, 
symbol, or expression formats, the assembler will select the extended mode of addressing, regardless 
of the value of the numerical address. The source statement will be translated into three bytes of the 
machine code. 

For those instructions which may use the direct mode of addressing as well as the 
extended mode, the assembler selects the mode according to the following rule: The assembler will 
select direct addressing if the numerical address is in the range from 0 to 255 (decimal) and will select 
extended addressing if the numerical address exceeds 255 (decimal). Examples of the direct and 
extended addressing modes are shown in Figures 4-5 and 4-6. 


MPU 


PROGRAM PROGRAM 


MEMORY MEMORY 


PC - 5004 


ADDR = 0 £ 255 
GENERAL FLOW EXAMPLE 


FIGURE 4-5. Direct Addressing Mode Data Flow 
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MPU 


ADDR 300 


PROGRAM 
MEMORY 


PROGRAM 
MEMORY 


PC 5006 


ADOR ` 256 
GENERAL FLOW EXAMPLE 


FIGURE 4-6. Extended Addressing Mode Data Flow 
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APPENDIX А 
Definition of the Executable Instructions 


A.1 Nomenclature 


The following nomenclature is used in the subsequent definitions. 


(a) Operators 


() = contents of 

< = is transferred to 

T = "is pulled from stack" 

| = "is pushed into stack" 

: = Boolean АМО 

© = Boolean (inclusive) OR 

Ф = Exclusive ОВ 

= = Boolean МОТ 

(b) Registers in the MPU 

АССА - Accumulator А 

ACCB = Accumulator В 

ACCX = Асситшаюг АССА or ACCB 

сс = Condition codes register 

IX = Index register, 16 bits 

IXH = Index register, higher order 8 bits 

IXL = Index register, lower order 8 bits 

PC = Program counter, 16 bits 

PCH = Program counter, higher order 8 bits 

PCL = Program counter, lower order 8 bits 

SP = Stack pointer 

SPH = Stack pointer high 

SPL = Stack pointer low 

(c) Memory-sn and па Addressing 

M = А memory location (one byte) 

М +1 = The byte of memory at 0001 plus the address of the memory location indi- 
cated by "M." 

Rel - Relative address (i.e. the two's complement number stored in the second byte 


of machine code corresponding to a branch instruction). 
(d) Bits О thru 5 of the Condition Codes Register 


C - Cary — borrow bit — 0 
V = Two's complement overflow indicator bit — 1 
Z = Zero indicator bit — 2 
N = Negative indicator bit — 3 
[ = Interrupt mask bit — 4 
H = Най carry bit — 5 
(e) Status of Individual Bits BEFORE Execution of an Instruction 
An = Bit n of ACCA (n=7,6,5,...,0) 
Bn = Bit п of ACCB (n=7,6,5,...,0) 


IXHn = Bitn of IXH (n=7,6,5....,0) 
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IXLn = Bitn of IXL (n=7,6,5,...,0) 
Mn = Bitnof M (п-7,6,5,...,0) 
SPHn = Bit n of SPH (n=7,6,5....,0) 
SPLn Bit n of SPL (п-7,6,5,...,0) 
Xn = Bit n of ACCX (n=7,6,5....,0) 
(f) Status of Individual Bits of the RESULT of Execution of an Instruction 
(i) For 8-bit Resuits 
Hn = Bit n of the result (n =7,6,5....,0) 
This applies to instructions which provide a result contained in a singie byte of 
memory or in an 8-bit register. 
(i) For 16-bit Results 
RHn = Bit n of the more significant byte of the result 


| 
il 


(n =7,6,5,...,0) 
RLn = Bit n of the less significant byte of the result 
(n -7,6,5,...,0) 


This applies to instructions which provide a result contained in two consecu- 
tive bytes of memory or in a 16-bit register. 


A.2 Executable Instructions (definition of) 


Detailed definitions of the 72 executable instructions of the source language are provided on the 
following pages. 
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Add Accumulator В ío Accumulator А АВА 


Operation: 


Description: 


Condition Codes: 


ACCA -- (АССА) + (ACCB) 


Adds the contents of ACCB to the contents of ACCA and places the result in 
ACCA. 


H 
г 
М: 
2: 
V 


C: 


Set if there was a carry from bit 3; cleared otherwise. 

Not affected. 

Set if most significant bit of the result is set; cleared otherwise. 

Set if all bits of the result are cleared; cleared otherwise. 

Set if there was two's complement overflow as a result of the operation; 
cleared otherwise. 

Set if there was a carry from the most significant bit of the result; cleared 
otherwise. 


Boolean Formulae for Condition Codes: 
Н = As: Вз "ВВ + Аз Аз 


М е 
7 6 


у 


Неа са Ко ина ча 
Rz: Re: Hs: Ва R3: Rz: Ri: Ro 


: Ar: Br Ву +А7 Br: Rz 
C= 


A7: By +Bz:R7+R7-Az 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
. Modes | . (No. of cycles) | __ machine code 
,1mherent | SAI o fes ae з 
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ADC Add with Carry 


Operation: ACCX — (ACCX) + (M) + (C) 


Description: Adds the contents of the C bit to the sum of the contents of ACCX and M, and 
places the result in ACCX. 


Condition Codes: Н Set if there was a carry from bit 3; cleared otherwise. 

Not affected. 

Set if most significant bit of the result is set; cleared otherwise. 

Set if all bits of the result are cleared; cleared otherwise. 

Set if there was two's complement overflow as a result of the operation; 

cleared otherwise. 

C: Setif there was a carry from the most significant bit of the result; cleared 
otherwise. 


= м2 


Boolean Formulae for Condition Codes: 
H= X3: Ma - Ma Ra - Rs: Хз 
N = В; 
2 = Rr: Re: Rs: Ва R3: Во Pic Ro 
у = ХМ ВЕК Мо В? 
С = Х Mz - Mz: Rz +В; X7 


Addressing Formats: 
See Table A-1 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 
(DUAL OPERAND) 


Coding of First (or only) 

Number of byte of machine code 

Addressing Execution Time bytes of e ы ъз ul rmm url 

Modes (No. of cycles) | — machine code | HEX. | ОСТ. | DEC. | 
А (ММ 2 2 89 211 137 
A DIR 3 2 99 231 153 
A EXT 4 3 B9 271 185 
A IND 5 2 A9 251 169 
В IMM 2 2 c9 311 201 
B DIR 3 2 D9 331 217 
B EXT 4 3 F9 371 249 
В IND 5 2 E9 351 233 
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Add Without Carry ADD 
Operation: ACCX — (ACCX) + (M) 
Description: Adds the contents of ACCX and the contents of M and places the resultin ACCX. 
Condition Codes: Н: Set if there was a carry from bit 3; cleared otherwise. 
Not affected. 
Set if most significant bit of the гезий is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 
Set if there was two's complement overflow as a result of the operation; 
cleared otherwise. 
C: Зе! if there was a carry from the most significant bit of the result; cleared 
otherwise. 
Boolean Formulae for Condition Codes: 
H = Xa: Ma + Ma Ra +R: Хз 
М = В; 
2 = Rr: Re: Bs: Ra: Аз ВА2 Ri: Во 
М = Xr Mr Br* Xr Mr Rz 
С = Xr: Mz & Mz: Rz -Hz: X7 
Addressing Formats: 
See Table A-1 


sha: 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 
(DUAL OPERAND) 


Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code 
A IMM 2 2 
A DIR 3 2 
A EXT 4 3 
A IND 5 2 
B мм 2 2 
B DIR 3 2 
B EXT 4 3 
B IND 5 2 
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АМО Logical AND 


Operation: ACCX — (ACCX) : (M) 

Description: Performs.logical “AND” between the contents of ACCX and the contents of M and 
places the result in ACCX. (Each bit of ACCX after the operation will be the logical 
"AND" of the corresponding bits of M and of ACCX before the operation.) 

Condition Codes: H: Not affected. 

Not affected. 


I: 
N: Setif most significant bit of the result is set; cleared otherwise. 
Z: Setif all bits of the result are cleared; cleared otherwise. 
V: Cleared. 
C: Not affected. 
Boolean Formulae for Condition Codes: 
N = В; 
Z = Rz Re Bs- Ва Аз Rz Ri Во 
У =0 
Addressing Formats: 


See Table A-1 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 

Number of byte of machine code 

Addressing Execution Time bytes of 

Modes (No. of cycles) machine code HEX. OCT. | DEC. 

2 2 84 204 132 

3 2 94 224 148 

4 3 B4 264 180 

5 2 A4 244 164 

2 2 C4 304 196 

3 2 D4 324 212 

4 3 F4 364 244 

5 2 E4 344 228 
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Arithmetic Shift Left ASL 


Operation: 


Description: 


Condition Codes: 


per qp ere в ee 
b7 бо 


Shifts all bits ofthe АССХ or M one place to the left. Bit 0 is loaded with а zero. The 
C bit is loaded from the most significant bit of ACCX or M. 


H: Not affected. 

Not affected. 

Set if most significant bit of the result is set; cleared otherwise. 

Set if all bits of the result are cleared; cleared otherwise. 

Set if, after the completion of the shift operation, EITHER (N is set and C is 

cleared) OR (N is cleared and C is set); cleared otherwise. 

С: Setif, before the operation, the most significant bit of the АССХ or M was set; 
cleared otherwise. 


< мат 


Boolean Formulae for Condition Codes: 


М = В; 
2 = Rr Re Rs Ba Аз Во Ri Ro 
V =N © С -«IN-CI OIN CI 
(the foregoing formula аззитез values of N and С after the shift operation) 
С = № 


Addressing Formats 


See Table A-3 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


- 


Coding of First (ог only) 

Number of byte of machine code 

Addressing Execution Time bytes of 15 c 

Modes | (Мо. of cycles) machine code HEX. OCT. DEC. 

A 2 1 48 110 072 

B 2 1 58 130 088 

ЕХТ 6 3 78 170 120 

IND us 7 2 68 150 | 104 
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А5Н Arithmetic Shift Right 


Operation: ] — 
—[_] L 1 | ma. 
b; bo 
Description: Shifts ай bits of ACCX or M one place to the right. Bit 7 is held constant. Bit 0 is 


loaded into the C bit. 


Condition Codes: H: Not affected. 
Not affected. 
Set if the most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 
Set if, after the completion of the shift operation, EITHER (М is set and C is 
cleared) OR (N is cleared and C is set); cleared otherwise. 
C: Setif, before the operation, the least significant bit of the АССХ or M was set; 
cleared otherwise. 
Boolean Formulae for Condition Codes: 
N = В; 
2 = Rr: Re Bs Ва. Вз: Rz В: Ro 
V =N @C = [N:CIO (N:C] 
(the foregoing formula assumes values of N and C after the shift operation) 
С = М 
Addressing Formats: 
See Table A-3 


< z = 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Ü Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of ee 

Modes (No. of cycles) machine code | HEX. | OCT. DEC. 

A 2 1 47 107 071 

В 2 1 57 127 087 

ЕХТ 6 3 77 167 119 
IND 7 2 67 147 103 
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Branch if Carry Clear BCC 
Operation: РС <— (PC) + 0002 + Rel if (C)=0 
Description: Tests the state of the C bit and causes a branch if C is clear. 

See BRA instruction for further details of the execution of the branch. 
Condition Codes: Мо! affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
НЕС. 4 2 24 044 | 036 


А-9 


BCS Branch if Carry Set 
Operation: PC <- (PC) + 0002 + Rel if (C)=1 | 
Description: Tests the state of the C bit and causes a branch if C is set. 

See BRA instruction for further details of the execution of the branch. 
Condition Codes: Not affected. 


Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
REL 4 2 25 | 045 | _037_ 
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Branch if Equal BEQ 
Operation: РС — (РС) + 0002 + Rel if (Z)=1 
Description: Tests the state of the Z bit and causes a branch if the Z bit is set. 

See BRA instruction for further details of the execution of the branch. 
Condition Codes: Not affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes ` (No. of cycles) machine code HEX. | OCT. | DEC. 
_ REL 4 2 27 | 047 039 
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ВСЕ 


Operation: 


Description: 


Condition Codes: 


Branch if Greater than or Equal to Zero 
РС < (PC) + 0002 + Rel if (N) © (V) = 0 
i.e. if (ACCX) = (M) 
(Two's complement numbers) 
Causes a branch if (N is set and V is set) OR (N is clear and V is clear). 


If the BGE instruction is executed immediately after execution of any of the 
instructions СВА, CMP, SBA, or SUB, the branch will occur if and only if the two's 
complement number represented by the minuend (i.e. ACCX) was greater than or 
equal to the two's complement number represented by the subtrahend (i.e. M). 
See BRA instruction for details of the branch. 


Not affected. 


Addressing Formats: 


See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


B Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of Ei 
Modes (No. of cycles) machine code | HEX. | OCT. DEC. 
REL ке 4 N WM S 2C 054 | 044 $ 
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Branch И Greater than Zero BGT 
Operation: РС = (РС) + 0002 + Rel if (2) O (М) @ (V)) 0 
се. if (ACCX) > (M) 
(two's complement numbers) 


Description: Causes a branch if 2 is clear] AND [(N is set and V is Set) OR (N is clear and V is 
clear)]. 


if the BGT instruction is executed immediately after execution of any of the 
instructions CBA, CMP, SBA, or SUB, the branch will occur if and only if the two's 
complement number represented by the minuend (се. АССХ) was greater than 
the two's complement number represented by the subtrahend (i.e. M). 


See BRA instruction for details of the branch. 
Condition Codes: Мо! affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
Modes | (Мо. of cycles) machine code HEX. + OCT. DEC. 
REL | 4 2 2Е 056 046 
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ВНІ Branch И Higher 
Operation: РС — (PC) + 0002 + Rel if (C) - (Z)-0 
i.e. if (ACCX) > (M) 
(unsigned binary numbers) 
Description: Causes a branch if (C is clear) AND (Z is clear). 


№ the ВН! instruction is executed immediately after execution of any of the 
instructions CBA, CMP, SBA, or SUB, the branch will occur if and only if the 
unsigned binary number represented by the minuend (i.e. ACCX) was greater 
than the unsigned binary number represented by the subtrahend (i.e. M). 


See BRA instruction for details of the execution of the branch. 
Condition Codes: Not affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


7 Coding of First (or only) 

Number of byte of machine code 
Addressing Execution Time bytes of E ма, ј 
Modes (No. of cycles) machine code HEX. OCT. DEC. | 
REL 3 плава: Белең Е if 034 _ 
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ВИ Test BIT 

Operation: (АССХ) : (M) 

Description: Performs the logical “АМО” comparison ofthe contents of ACCX and the contents 
of M and modifies condition codes accordingly. Neither the contents of ACCX or M 
operands are affected. (Each bit of the result of the "AND" would be the logical 
"AND" of the corresponding bits of M and АССХ.) 

Condition Codes: H: Not affected. 

1: Not affected. 

М: Setifthe most significant bit of the result of the "AND" would be set; cleared 
otherwise. 

Z: Setif all bits of the result of the "AND" would be cleared; cleared otherwise. 

V: Cleared. 

C: Not affected. 


Boolean Formulae for Condition Codes: 


М = В; _ 
Z = Rr: Be Bs Ва R3- Rz Ri Ro 
У-0 

Addressing Formats: 


Зее Table А-1. 


Addressing Моде5, Ехесшіоп Time, and Machine Code (hexadecimal/ octal/ decimal): 


Е Coding of First (ог only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
_Modes | . |. (No. of cycles) machine code HEX. OCT. | рес. 
А ІММ 2 2 85 205 133 
А DIR 3 2 95 225 149 
A EXT 4 3 B5 265 181 
A IND 5 2 A5 245 165 
B IMM 2 2 С5 305 197 
B DIR 3 2 D5 325 213 
B EXT 4 3 F5 365 245 
B. IND _ 5 2 Е5 345 229 


А-15 


BLE 


Operation: 


Description: 


Condition Codes: 


Branch if Less than or Equal to Zero 
РС — (PC) + 0002 + Rel if (JON) ®© (V)]=1 
i.e. if (ACCX) = (M) 
(two's complement numbers) 


Causes а branch if [Z is set] OR [(N is set and V is clear) OR (N is clear and V is 
set)]. 

If the BLE instruction is executed immediately after execution of any of the 
instructions CBA, CMP, SBA, or SUB, the branch will occur if and only if the two's 
complement number represented by the minuend (i.e. ACCX) was less then or 
equal to the two's complement number represented by the subtrahend (i.e. M). 
See BRA instruction for details of the branch. 


Not affected. 


Addressing Formats: 


See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of E =m 
Modes (No. of cycles) machine code HEX. | OCT. | DEC. 
REL 4 2 2F 057 047 


Branch И Lower ог Same BLS 


Operation: PC < (PC) + 0002 + Rel if (C)O(Z) = 1 
i.e. if (ACCX) = (M) 
(unsigned binary numbers) 
Description: Causes a branch if (C is set) OR (Z is set). 


If the BLS instruction is executed immediately after execution of any of the 
instructions CBA, CMP, SBA, or SUB, the branch will occur if and only if the 
unsigned binary number represented by the minuend (i.e. ACCX) was less than 
or equal to the unsigned binary number represented by the subtrahend (i.e. M). 
See BRA instruction for details of the execution of the branch. 

Condition Codes: Мой affected. 

Addressing Formats: 

See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
| Number of byte of machine code 
Addressing Execution Time bytes of 
Modes ІҢ (Мо. of cycles) machine code HEX. OCT. DEC. 
____ REL 4 2 23 043 035 


BLT Branch if Less than Zero 
Operation: PC <- (РС) + 0002 + Rel if (N) ®© (V) = 1 
Le. if (ACCX) < (М) 
(two's complement numbers) 
Description: Causes a branch if (N is set and V is clear) OR (N is clear and V is set). 


if the BLT instruction is executed immediately after execution of any of the 
instructions CBA, CMP, SBA, or SUB, the branch will occur if and only if the two's 
complement number represented by the minuend (i.e. ACCX) was less than the 
two’s complement number represented by the subtrahend (i.e. M). 


See BRA instruction for details of the branch. 
Condition Codes: Not affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


| Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of жа iia 
Modes (No. of cycles) machine code HEX. | OCT. | DEC. | 
REL 4 2 "nes 2D 055 | 045 


A-18 


Branch if Minus BMI 
Operation: РС-- (PC) + 0002 + Rel if (N) =1 
Description: Tests the state of the N bit and causes a branch if N is set. 
See BRA instruction for details of the execution of the branch. 
Condition Codes: Мо! affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
L НЕС. 4 2 | 2В | 053 | 043 
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ВМЕ 


Operation: 
Description: 


Condition Codes: 


PC — (PO) + 0002 + Rel if (Z) = 0 


Tests the state of the Z bit and causes a branch if the Z bit is clear. 


See BRA instruction for details of the execution of the branch. 


Not affected. 


Addressing Formats: 


See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Branch if Not Equal 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
REL 4 2 26 046 038 
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Branch И Plus BPL 
Operation: РС — (PC) + 0002 + Rel if (N) =0 
Description: Tests the state of the N bit and causes a branch if N is clear. 
See BRA instruction for details of the execution of the branch. 
Condition Codes: Not affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


P B I Bi Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
..Modes č | (No. of cycles) machine code HEX. | OCT. DEC. 
ВЕ 4 2 2А | 052 042 
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ВВА Branch Always 


Operation: PC <— (PC) + 0002 + Rel 


Description: Unconditional branch to the address given by the foregoing formula, in which R is 

the relative address stored as a two's complement number in the second byte of 
machine code corresponding to the branch instruction. 
Note: The source program specifies the destination of any branch instruction by 
its absolute address, either as a numerical value or as a symbol or expression 
which can be numerically evaluated by the assembler. The assembler obtains the 
relative address R from the absolute address and the current value ofthe program 
counter PC. 

Condition Codes: Not affected. 

Addressing Formats: 


See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


F 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of | 
Modes (No. of cycles) machine code HEX. OCT. DEC. | 
REL 4 2 20 | 040 | 032 
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Branch to Subroutine BSR 


Operation: PC <— (PC) + 0002 
| (PCL) 
SP — (SP) — 0001 
| (РСН) 


SP — (SP) - 0001 
PC < (PC) + Ве! 

Description: The program counteris incremented бу 2. The less significant byte of the contents 
of the program counter is pushed into the stack. The stack pointer is then 
decremented (by 1). The more significant byte of the contents of the program 
counter is then pushed into the stack. The stack pointer is again decremented (by 
1). A branch then occurs to the location specified by the program. 


See BRA instruction for details of the execution of the branch. 
Condition Codes: Not affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


ЕЕ Coding of First (ог only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
. Modes ` . (No. of cycles) machine code HEX. 
вв | а 2 ЕСЕ 


ВВАМСН ТО SUBROUTINE EXAMPLE 


Метогу Machine Assembler Language 
Location Code (Hex) Label Operator Operand 
A. Before 
PC < 51000 8D BSR CHARLI 
$1001 50 
SP < ФЕЕЕЕ 
B. After 
PC < $1052 id CHARLI да TS 
SP —  $EFFD 
$EFFE 10 
ФЕЕЕЕ 02 
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ВУС Branch if Overflow Clear 
Operation: PC х- (PC) + 0002 + Rel if (V) = 0 
Description: Tests the state of the V bit and causes a branch if the V bit is clear. 
See BRA instruction for details of the execution of the branch. 
Condition Codes: Мог affected. 
Addressing Formats: 
See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
REL 4 2 28 050 040 
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Branch if Overflow Set BVS 
Operation: PC — (PC) + 0002 + Rel if (V) «1 
Description: Tests the state of the V bit and causes a branch if the V bit is set. 
See BRA instruction for details of the execution of the branch. 
Condition Codes: Not affected. 
Addressing Formats: 


See Table A-8. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


i | 7 | ч Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
. .. Modes (No. of cycles) machine code HEX. OCT. DEC. 
— REL | 4 _ 2 29 051 041 | 
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СВА Compare Accumulators 
Operation: (ACCA) - (АССВ) 


Description: Compares the contents of ACCA and the contents of ACCB and sets the condition 
codes, which may be used for arithmetic and logical conditional branches. Both 
operands are unaffected. 


Condition Codes: H: Not affected. 
|: Not affected. 
N: Setif the most significant bit of the result of the subtraction would be set; 
cleared otherwise. 
2: Set if all bits of the result of the subtraction would be cleared; cleared 
otherwise. 
V: Set if the subtraction would cause two's complement overflow; cleared 
otherwise. 
C: Set if the subtraction would require a borrow into the most significant bit of 
the result; clear otherwise. 
Boolean Formulae for Condition Codes: 
N =R; 
2 = Hr: Be Въ Ва Аз Rz Ri Ro 
У = Ат Ву Ву + А; В, В? 
C = Ау: Ву +В: Ау +В: А; 
Addressing Modes, Execution Time, апа Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of Йй 
Modes (No. of cycles) machine соде | HEX. | OCT. | DEC. | 
INHERENT 2_ 1 | 11 021 | 017 


Clear Carry CLC 
Operation: C bit < 0 
Description: Clears the carry bit in the processor condition codes register. 


Condition Codes: H: Not affected. 
| Not affected. 


IH 

М: Not affected. 

Z: Not affected. 

V: Not affected. 

C: Cleared 
Boolean Formulae for Condition Codes: 

С =0 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of m 
..Modes | (Мо. of cycles) | тасһіпе соде НЕХ. ОСТ. | DEC. 
s INHERENT а Pe ШЕР КЕРЕ” ос | 014 | 012 
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си Clear Interrupt Mask 
Operation: I bit <- 0 


Description: Clears the interrupt mask bit in the processor condition codes register. This 
enables the microprocessor to service an interrupt from a peripherai device if 
signalled by а high state of the "Interrupt Request" control input. 

Condition Codes: H: Not affected. 

Cleared. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 


Boolean Formulae for Condition Codes: 
1 =0 


Ox 


Addressing Modes, Execution Time, and Machine Code (hexadecimal / octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
..Modes |  (No.ofcycles) , machine code HEX. OCT. DEC. 
INHERENT ` ми 2 Jo 1 ОЕ 016 014 
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Clear CLR 


Operation: ACCX <— 00 
or: M — 00 
Description: The contents of ACCX or M are replaced with zeros. 
Condition Codes: H: Not affected. 
|: Not affected. 
N: Cleared 
2: Set 
V: Cleared 
C: Cleared 
Boolean Formulae for Condition Codes: 
N= 0 
Z1 
V=0 
C=0 
Addressing Formats: 


See Table A-3. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 

Number of byte of machine code 

Addressing Execution Time bytes of 

..Modes | |... (No. of cycles) ` . machine code HEX. OCT. | бес. 
A 2 1 4F 117 079 

B 2 1 5F 137 095 

EXT 6 3 7F 177 127 

E M RENI СЕС RENI NEN RS m S ДЕП 
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CLV Clear Two’s Complement Overflow Bit 
Operation: V bit — 0 


Description: Clears the two's complement overflow bit in the processor condition codes 
register. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Cleared. 

Not affected. 


Boolean Formulae for Condition Codes: 
V =0 


Condition Codes: 


осМатт 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) | 


Number of byte of machine code | 
Addressing Execution Time bytes of Г елате 
Modes (No. of cycles) |, machine code HEX. | OCT. DEC. 


INHERENT 2 1 0A 5012. ПОЛО 
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Сотраге СМР 

Operation: (АССХ) - (M) 

Description: Compares the contents of ACCX and the contents of M and determines the 
condition codes, which may be used subsequently for controlling conditional 
branching. Both operands are unaffected. 

Condition Codes: H: Not affected. 
|: Not affected. 

N: Setif the most significant bit of the result of the subtraction would be set; 
cleared otherwise. 

Z: Setif all bits of the result of the subtraction would be cleared; cleared 
otherwise. 

V: Set if the subtraction would cause two's complement overflow; cleared 
otherwise. 

C: Carry is set if the absolute value of the contents of memory is larger than the 
absolute value of the accumulator: reset otherwise. 

Boolean Formulae for Condition Codes: 

ШЕШІ. As So m тыз оо 
2 = Rr Be B Ra Rs: Во Ri Ro 
V = Хо М/Н? Ху-М” Rz 
С = Xr: Mz Mz Rz +В; : Xz 
Addressing Formats: 
See Table A-1. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 
(DUAL OPERAND) 


І Coding ог First (оғ only) 
Number of byte of machine code 
Addressing Execution Time bytes of T 
Modes (Мо. ot cycles) machine code | НЕХ. | ОСТ. DEC. 
A IMM 2 2 81 201 | 129 
А ОВ 3 2 91 221 145 
A EXT 4 3 B1 261 177 
A IND 5 2 A1 241 161 
B IMM 2 2 C1 301 193 
B DIR 3 2 D1 321 209 
B EXT 4 3 F1 361 241 
Кет B IND m код : 2 Е1 341 | 225 
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СОМ 


Сотретеп! 


Орегайоп: АССХ <- = (АССХ) = FF - (АССХ) 


ог: M 


Description: Replaces the contents of ACCX or M with its one's complement. (Each bit of the 
contents of ACCX or M is replaced with the complement of that bit.) 


Condition Codes: H: 
I: 


2 


М 
V 
C 
Boolean Formulae for 
N 
2 
V 

C 
Addressing Formats: 
See Table A-3. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


= = (M) = FF - (M) 


Not affected. 
Not affected. 


Set if most significant bit of the result is set; cleared otherwise. 


Set if all bits of the result are cleared; cleared otherwise. 
Cleared. 
Set. 


Condition Codes: 

= В; 

A7: Re- Rs- Ва R3: R2- Ri Ro 
0 

1 


Ш 


Addressing 
Modes 


Coding of First (or only) 


Number of byte of machine code 
Execution Time bytes of ; 
(No. of cycles) machine code | HEX. | ОСТ. | DEC. 
2 1 43 103 067 
2 1 53 123 083 
6 3 73 163 115 
y: 2 63 143 099. 
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Compare Index Register CPX 


Operation: (IXL) — (M+1) 
(IXH) — (M) 
Description: The more significant byte of the contents of the index register is compared with 


the contents of the byte of memory at the address specified by the program. The 
less significant byte of the contents of the index register is compared with the 
contents of the next byte of memory, at one plus the address specified by the 
program. The Z bit is set or reset according to the results of these comparisons, 
and may be used subsequently for conditional branching. 

The N and V bits, though determined by this operation, are not intended for 
conditional branching. 


The C bit is not affected by this operation. 


Condition Codes: H: - Not affected. 
|: Not affected. 
N: Setifthe most significant bit of the result of the subtraction from the more 
significant byte of the index register would be set; cleared otherwise. 
2: Setif all bits of the results of both subtractions would be cleared; cleared 
otherwise. 
V: Set if the subtraction from the more significant byte of the index register 
would cause two's complement overflow; cleared otherwise. 
C: Not affected. 
Boolean Formulae for Condition Codes: 
М = ВН; 
2 = (RH; RHs- RHs: АН. RH; RF АН, -RHo- 
(АІ, -RLe-RLs RE ВО ВО BL -RLo) 
V = IXHz M7: ВН, ХНУ. Мо RH; 
Addressing Formats: 


See Table A-5. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


i Coding of First (or only) 
Number of - byte of machine code 
Addressing Execution Time bytes of 
Modes (Мо. of cycles) machine code HEX. OCT. DEC. 
IMM 3 3 8C 214 140 
DIR 4 2 9C 234 156 
EXT 5 3 BC 274 188 
IND 6 2 AC 254 172 
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ОАА 


Decimal Adjust АССА 


Operation: Adds hexadecimal numbers 00, 06, 60, or 66 to ACCA, and may also set 
the carry bit, as indicated in the following table: 
зе | у | рү Number | State of | 
C-bit Upper Initial Lower Added C-bit 
before Half-byte Half-carry to ACCA after 
DAA (bits 4-7) H-bit (bits 0-3) by DAA DAA 
(Col. 1) (Col. 2) (Col.3) (Col. 4) (Col. 5) (Col. 6) 
0 0-9 0 0-9 00 0 
0 0-8 0 A-F 06 0 
0 0-9 1 0-3 06 0 
0 A-F 0 0-9 60 1 
0 9-F 0 A-F 66 1 
0 A-F 1 0-3 66 1 
1 0-2 0 0-9 60 1 
1 0-2 0 A-F 66 1 
L 1 R 0-3 1 0-3 66 1 


Condition Codes: 


Note: Columns (1 ) through (4) of the above table represent all possible cases which can result from 


any of the operations ABA, ADD, or ADC, with initial carry either set or clear, applied to two 
binary-coded-decimal operands. The table shows hexadecimal values. 


Description: If the contents of ACCA and the state of the carry-borrow bit C and the half-carry bit H are 
all the result of applying any of the operations ABA, ADD, or ADC to binary-coded- 
decimal operands, with or without an initial carry, the DAA operation will function as 
follows. 


Subject to the above condition, the DAA operation will adjust the contents of ACCA and 


the C bit to represent the correct binary-coded-decimal sum and the correct state ofthe 
carty. 


H: 
l: 

N: 
Z: 
V: 
С: 


Not affected. 

Not affected. 

Set if most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 

Not defined. 


“Бе! or reset according to the same rule as if the DAA and an immediately 


preceding ABA, ADD, or ADC were replaced by a hypothetical binary- 
coded-decimal addition. 


Boolean Formulae for Condition Codes: 
N = В; 
Z = Rr Be Bs Fa Ra Rz Ri Ro 


С- 


Зее table above. 
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Addressing Моде5, Ехесийоп Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 
Addressing Execution Time bytes of 
__ Modes (No. of cycles) machine code HEX. OCT. DEC. 
INHERENT 2 1 19 031 025 
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ОЕС Decrement 


Operation: АССХ < (АССХ) - 01 

ог: М — (M) - 01 

Description: Subtract one from the contents of ACCX or M. 
The N, Z, and V condition codes are set or reset according to the results of this 
operation. 


The C bit is not affected by the operation. 


Condition Codes: Н: Мо! affected. 
Not affected. 
Set if most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 
Set if there was two's complement overflow as a result of the operation; 
cleared otherwise. Two's complement overflow occurs if and only if (ACCX) 
or (M) was 80 before the operation. 
С: Not affected. 
Boolean Formulae for Condition Codes: 
N = R; 
2 = Rr: Re Rs Rs: Fa Ra Rz Ri Ro 
У = Xr Xe Xs Ха Xa: Хо Xo = Rr Re Rs- Ва Ba Rz: Ri: Ro 
Addressing Formats: 


See Table A-3. 


мет 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


| Coding of First (or only) 

Number of | byte of machine code 

Addressing Execution Time bytes of 

Modes (No. of cycles) machine code HEX. | OCT. DEC. 

A 2 1 4A 112 074 

B 2 1 5A 132 090 

EXT 6 3 7A 172 122 

IND 7 2 6A 152 106 


A-36 


Decrement Stack Pointer DES 
Operation: SP — (SP) - 0001 


Description: Subtract one from the stack pointer. 
Condition Codes: Мо! affected. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine.code HEX. OCT. DEC. 
INHERENT 4 1 34 064 052 
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DEX Decrement Index Register 


Operation: ІХ < (IX) — 0001 


Description: Subtract one from the index register. 


Condition Codes: H: Not affected. 

Г: Not affected. 

N: Not affected. 

2: Setif all bits of the result are cleared; cleared otherwise. 
V: Not affected. 

Not affected. 

Boolean Formulae for Condition Codes: 

2 = (Вн RHe: RHs: RH4: RHa : RHz: RH: RHo) ` 
(Во ВО RLs: RL4: ВО RL2 ВЫ Ro) 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Only the Z bit is set or reset according to the result of this operation. 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC 


INHERENT 4 1 | 09 011 


009 | 


Exclusive ОН 


Operation: 
Description: 


Condition Codes: 


ACCX < (ACCX) @(M) 


EOR 


Perform logical "EXCLUSIVE ОН” between the contents of ACCX and the 
contents of M, and place the resultin ACCX. (Each bit of ACCX after the operation 
will be the logical "EXCLUSIVE OR" of the corresponding bit of M and ACCX 


before the operation.) 


Boolean Formulae for Condition Codes: 


H: Not affected. 

|: Not affected. 

М: Set if most significant bit of the result is set; cleared otherwise. 
Z: Setif all bits of the result are cleared; cleared otherwise. 

V: Cleared 

C: Not affected. 

N = R; 

Z = Rr: Be Rs-Ra:Rs-R2: Bi Ro 

У =0 


Addressing Formats: 


See Table А-1. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes | (No. of cycles) machine code HEX. OCT. DEC. 
А IMM 2 2 88 210 136 
A DIR 3 2 98 230 152 
A EXT 4’ 3 B8 270 184 
A IND 5 2 A8 250 168 
B IMM 2 2 C8 310 200 
B DIR 3 2 D8 330 216 
B EXT 4 3 F8 370 248 
B IND 5 2 E8 350 232 
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ІМС 


Increment 
Operation: АССХ — (АССХ) + 01 
or: М = (М) + 01 
Description: Add one to the contents of ACCX or M. 
The N, Z, and V condition codes are set or reset according to the results of this 
operation. 


The C bit is not affected by the operation. 


Condition Codes: 


H: 
Ё 

М: 
7: 
V: 


C: 
Boolean Formulae for 
N 
2 
V 
C 


Addressing Formats: 
See Table A-3. 


Not affected. 
Not affected. 
Set if most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 
Set if there was two's complement overflow as a result of the operation; 
cleared otherwise. Two's complement overflow will occur if and only if 
(ACCX) or (M) was 7F before the operation. 
Not affected. 
Condition Codes: 
- В? 
= Rz7-Rs:Rs: Ra: R3: R2: Ri: Во 
“Хо Хо Хо Ха Ха Хо Ха Хо 
= Во Ве Ва Аз Во Ri: Ro 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 

Number of byte of machine code 

Addressing Execution Time bytes of 

Modes (No. of cycles) machine code HEX. OCT. DEC. 

A 2 1 4C 114 076 

B 2 1 5C 134 092 

EXT 6 3 7C 174 124 

IND __ 7 _ 2 6С 154 108 
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Increment Stack Pointer 


Operation: 
Description: 
Condition Codes: 


SP — (SP) + 0001 
Add one to the stack pointer. 
Not affected. 


INS 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of I 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
INHERENT 4 1 31 061 | 049 
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INX 


Operation: IX —- (IX) + 0001 
Description: Add one to the index register. 


Only the Z bit is set or reset according to the result of this operation. 
Condition Codes: H: Not affected. 
Not affected. 
Not affected. 
Set if all 16 bits of the result are cleared; cieared otherwise. 
Not affected. 
Not affected. 
Boolean Formulae for Condition Codes: 

Z = (RHz: RHe: RHs: RH4: RHa: АН2 АН: RHo)- 

(ВЕ RLe: RLs- ВЕ ВО ВО ВЫ - Ао) 


Increment Index Register 


О< МЕС 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ оска! / decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes | (No. of cycles) machine code HEX. OCT. DEC. 
INHERENT 4 _ 1 08 010 008 


A-42 


Jump JMP 


Operation: PC — numerical address 


Description: A jump occurs to the instruction stored at the numerical address. The numerical 
address is obtained according to the rules for EXTended or INDexed addressing. 


Condition Codes: Not affected. 
Addressing Formats: 
See Table A-7. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
EXT 3 3 7E | 176 126 
IND 4 2 6E 156 110 
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JSR 


Operation: 
Either: 

or: 

Then: 


Description: 


Condition Codes: 


Jump to Subroutine 


РС <- (PC) + 0003 (for EXTended addressing) 
РС — (PC) + 0002 (for INDexed addressing) 
} (PCL) 

SP — (SP) — 0001 

| (РСН) 

SP <- (SP) — 0001 

РС < numerical address 


The program counter is incremented by 3 or by 2, depending on the addressing 
mode, and is then pushed onto the stack, eight bits at a time. The stack pointer 
points to the next empty location in the stack. А jump occurs to the instruction 
stored at the numerical address. The numerical address is obtained according to 
the rules for EXTended or INDexed addressing. 


Not affected. 


Addressing Formats: 


See Table A-7. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


; Coding ot First (or only) 
Number of byte of machine code 


Addressing Execution Time bytes of 
Modes (No. of cycles) machine code zu HEX. OCT. DEC. 
EXT 9 3 BD 275 
IND 8 5 Ар 255 
JUMP TO SUBROUTINE EXAMPLE (extended mode) 
Memory Machine Assembler Language 
Location Code (Hex) Label Operator Operand 
A. Before: 
PC => ФОЕЕЕ BD JSR CHARLI 
$1000 20 
$1001 77 
SP < ФЕЕЕЕ 
В. After: 
PC > $2077 i CHARLI 15 Бы 
SP — ФЕЕЕр 
$EFFE 10 
SEFFF 02 


Load Accumulator LDA 

Operation: АССХ < (М) 

Description: Loads the contents of memory into the accumulator. The condition codes are set 
according to the data. 

Condition Codes: H: Not affected. 

Not affected. 


|: 
М: Setif most significant bit of the result is set; cleared otherwise. 
Z: Set if all bits of the result are cleared; cleared otherwise. 
V: Cleared. 
С: Not affected. 
Boolean Formulae for Condition Codes: 
М = В; 
Z = Rr Ве Rs Ва Аз Вг Pic Ro 
У =0 
Addressing Formats: 


See Table A-1. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 
(DUAL OPERAND) 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 

Modes (No. of cycles) machine code HEX. OCT. DEC. | 
А (ММ 2 2 86 206 134 
A DIR 3 2 96 226 150 
A EXT 4 3 B6 266 182 
A IND 5 2 A6 246 166 
B IMM 2 2 C6 306 198 
B DIR 3 2 D6 326 214 
B EXT 4 3 F6 366 246 
B IND 5 2 E6 346 230 
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LDS Load Stack Pointer 


Operation: SPH — (M) 
SPL — (М+1) 
Description: Loads the more significant byte of the stack pointer from the byte of memory at the 


address specified by the program, and loads the less significant byte of the stack 
pointer from the next byte of memory, at one plus the address specified by the 
program. 
Condition Codes: Н: Not affected. 
I: Not affected. 
М: Set if the most significant bit of the stack pointer is set by the operation; 
cleared otherwise. 
Z: Setif all bits of the stack pointer are cleared by the operation; cleared 
otherwise. 
V: Cleared. 
C: Not affected. 
Boolean Formulae for Condition Codes: 
М = ВН; 
2 = (АН. АН. RHs- RH4: ВНз-ВН2 RH+- ВНо)- 
(RLz: RLe: Ви ВЫ ВО ВО: ВЫ REo) 
М =0 
Addressing Formats: 
See Table A-5. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes č (No. of cycles) machine code — | HEX. OCT. DEC. 
IMM 3 3 ВЕ 216 142 
DIR 4 2 9E 236 158 
EXT 5 3 BE 276 190 
= мо. 6 Ix AE 256 174 
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Load Index Register LDX 


Operation: IXH — (M) 
(ХЕ < (M+ 1) 
Description: Loads the more significant byte of the index register from the byte of memory at 


the address specified by the program, and loads the less significant byte of the 
index register from the next byte of memory, at one plus the address specified by 
the program. 


Condition Codes: H: Not affected. 

ko Not affected. 

М: Setif the most significant bit of the index register is set Бу the operation; 
cleared otherwise. 

Z: Зе if all bits of the index register are cleared by the operation; cleared 
otherwise. 

V: Cleared. 

C: Not affected. 


Boolean Formulae for Condition Codes: 


МЕА оо lv oum 11 
Z = (RH: RHe: RHs: RH4- RHs ` F Ho: RHi- RH») 
(Во RLe- RLs: А В ВО RE: ВО) 
V =0 
Addressing Formats: 


See Table A-5. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code | HEX. OCT. DEC. 
IMM 3 3 CE 316 206 
DIR 4 2 ОЕ 336 222 
ЕХТ 5 3 FE 376 254 
IND 6 2 ЕЕ 356 238 
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LSR Logical Shift Right 


Operation: май 
к< БОИ ШИ: ЖЕ 1221 ора B BR 
b7 bo 
Description: Shifts all bits of ACCX or M one place to the right. Bit 7 is loaded with a zero. The C 


bit is loaded from the least significant bit of ACCX or M. 


Condition Codes: H: Not affected. 
|; Not affected. 
N: Cleared. 
Z: Setif all bits of the result are cleared; cleared otherwise. 
V: бекі, after the completion of the shift operation, EITHER (N is set and C is 
cleared) OR (N is cleared and C is set); cleared otherwise. 
C: Setif, before the operation, the least significant bit of the ACCX or M was set; 
cleared otherwise. 
Boolean Formulae for Condition Codes: 
N-0 
2 = Rr Re Re Ва R3: R2: Ri Во 
V=N@C=IN-CIOIN-C} 
(the foregoing formula assumes values of N and C after the shift operation). 
С = Мо 
Addressing Formats: 
See Table A-3. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code | 
Addressing Execution Time bytes of 
Modes | (No. of cycles) machine code HEX. | ОСТ. | DEC. 
A 2 1 44 104 068 
B 2 1 54 124 084 
ЕХТ 6 3 74 164 116 
_ IND 7 2 64 144 100 


Negate 


Operation: 
or: 


Description: 


Condition Codes: 


NEG 
АССХ — - (АССХ) = 00 - (ACCX) 
M + - (M) = 00 - (M) 
Replaces the contents of ACCX or M with its two's complement. Note that 80 is left 
unchanged. 


H: Not affected. 

|: Not affected. 

М: Set if most significant bit of the result is set; cleared otherwise. 

2: Setif all bits of the result are cleared; cleared otherwise. 

V: Set if there would be two's complement overflow as a result of the implied 
subtraction from zero; this will occur if and only if the contents of ACCX or M 
is 80. 

С: Setifthere would be a borrow in the implied subtraction from zero; the C bit 
will be set in all cases except when the contents of ACCX or M is 00. 


Boolean Formulae for Condition Codes: 


N = В; 
= Ri Re Be Ri Be Re В, Ro 
У = R7-Re-Rs-Ra-Rs-Re:Ri-Ro 
С = А7+Ав+В5+Аа+Вз+В2+В. + Во 


Addressing Formats: 


See Table A-3. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 

Number of byte of machine code 

Addressing Execution Time bytes of 

Modes (No. of cycles) machine code HEX. OCT. DEC. 

A 2 1 40 100 064 

B 2 1 50 120 080 

EXT 6 3 70 160 112 

IND 7 2 60 140 096 


A-49 


МОР 


Description: 


No Operation 
This is a single-word instruction which causes only the program counter to 
be incremented. No other registers are affected. 
Condition Codes: Not affected. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


З 5 Coding ої First (ог only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. | 
_INHERENT u 2 1 01 001 001 


A-50 


Inclusive ОН ОВА 


Operation: ACCX — (ACCX)O(M) 

Description: Perform logical “OR” between the contents of ACCX and the contents of M and 
places the result in ACCX. (Each bit of ACCX after the operation will be the logical 
“ОН” of the corresponding bits of M and of ACCX before the operation). 

Condition Codes: H: Not affected. 

Not affected. 


I: 
М: Set if most significant bit of the result is set; cleared otherwise. 
Z: Setif all bits of the result are cleared; cleared otherwise. 
V: Cleared. 
C: Not affected. 
Boolean Formulae for Condition Codes: 
М = В; 
Z = Rr: Re Rs R4: Аз: Ro: Ri: Ro 
У = 0 
Addressing Formats: 


See Table A-1. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 
(DUAL OPERAND) 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes |: Но: of cycles) machine code HEX. OCT. | DEC. 
A ІММ 2 2 8A 212 138 
A DIR 3 2 9A 232 154 
A EXT 4 3 BA 272 186 
A IND 5 2 AA 252 170 
B ІММ 2 2 CA 312 202 
B DIR 3 2 DA 332 218 
B EXT 4 3 FA 372 250 
В IND 5 2 EA 352 234 


A-51 


PSH 


Operation: 


Description: 


Condition Codes: 


Push Data Onto Stack 
| (ACCX) 
SP <- (SP) — 0001 
The contents of ACCX is stored in the stack at the address contained in the stack 
pointer. The stack pointer is then decremented. 
Not affected. 


Addressing Formats: 


See Table A-4. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
.. Modes (No. of cycles) machine code HEX. OCT. DEC. 
A 4 1 36 066 054 
Вв 4 1 37 067 055 


А-52 


Pull Data from Stack PUL 


Operation: SP — (SP) + 0001 
t ACCX 
Description: The stack pointer is incremented. The ACCX is then loaded from the stack, from 


the address which is contained in the stack pointer. 
Condition Codes: Not affected. 
Addressing Formats: 
See Table A-4. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
A 4 1 32 062 050 
B 4 1 33 063 051 


A-53 


В O L Rotate Left 


Operation: а 
c]-—[ T TI TL TT ke 
b; bo 
Description: Shifts all bits of ACCX or M one place to the left. Bit 0 is loaded from the C bit. The 


C bit is loaded from the most significant bit of ACCX or M. 
Condition Codes: H: Not affected. 
Not affected. 
Set if most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 
Set if, after the completion of the operation, EITHER (N is set and C is 
cleared) OR (N is cleared and C is set); cleared otherwise. 
C: Setif, before the operation, the most significant bit of the ACCX or M was set; 
cleared otherwise. 
Boolean Formulae for Condition Codes: 
N = В; 
2 = Rz: Re: Bs: Ва На“ А2 Вз Ro 
V = N @ C = мас О М: C] 
(the foregoing formula assumes values of М and C after the rotation) 
С = М 
Addressing Formats: 
See Table A-3 


<= = 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
: Number of byte of machine code | 
Addressing Execution Time bytes of 
Modes / (No. of cycles) machine code HEX. | OCT. DEC. 
A 2 1 49 111 073 
B 2 1 59 131 089 
EXT 6 3 79 171 121 
IND 7 2 69 151 105 


A-54 


Rotate Right ROR 


Operation: > 
ЕО eL EE ВЖ дата Е 
bz Do 
Description: Shifts all bits of ACCX or M one place to the right. Bit 7 is loaded from the C bit. The 


C bit is loaded from the least significant bit of ACCX or M. 
Condition Codes: H: Not affected. 
Not affected. 
Set if most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 
Set if, after the completion of the operation, EITHER (N is set and C is 
cleared) OR (N is cleared and C is set); cleared otherwise. 
C: Setif, beforethe operation, the least significant bit ofthe ACCX or M was set; 
cleared otherwise. 
Boolean Formulae for Condition Codes: 
МЕНО ЗА е 
2 = В Ае В Ra: Во А: -Ro 
V=N@®C=[N-C]O[N-C] 
(the foregoing formula assumes values of N and C after the rotation) 
С = М 
Addressing Formats: 
See Table A-3 


SNZ- 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of жі 
Modes L (No. of cycles) machine code | HEX. OCT. | DEC. 
A 2 1 46 106 070 
B 2 1 56 126 086 
EXT 6 3 76 166 118 
IND 7 2 66 146 102 


A-55 


RTI 


Operation: 


Description: 


Condition Codes: 


SP — (SP) + 0001 , CC 


P 
SP — (SP 


+ 0001, ТАССВ 


) 
SP < (SP) + 0001, АССА 
SP — (SP) + 0001 , ЧХН 
SP — (SP) + 0001, ХЕ 
SP — (SP) + 0001 , TPCH 
SP — (SP) + 0001 , TPCL 


The condition codes, accumulators B and A, the index register, and the program 
counter, will be restored to a state pulled from the stack. Note that the interrupt 
mask bit will be reset if and only if the corresponding bit stored in the stack is zero. 


Restored to the states pulled from the stack. 


Return from Interrupt 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code | НЕХ. ОСТ. | DEC. 
INHERENT 10 1 3B 073 | 059 
Return from Interrupt 
Example 
Memory Machine Assembler Language 
Location Code (Hex) Label Operator Operand 
A. Before 
PC — $0066 3B RTI 
SP — . ФЕЕЕВ 
$EFF9 11HINZVC (binary) 
$EFFA 12 
SEFFB 34 
ЗЕРЕС 56 
ЗЕЕЕО 78 
$EFFE 55 
$EFFF 67 
В. After 
PC — $5567 ЖУ - — 
$EFF8 
$EFF9 11НІМ2УС (binary) 
$EFFA 12 
$EFFB 34 
$EFFC 56 
$EFFD 78 
$EFFE 55 
SP — ФЕЕЕЕ 67 
СС = НІМ2УС (binary) 
АССВ - 12 (Нех) ІХН - 56 (Нех) 
АССА - 34 (Нех) КЕ = 78 (Нех) 


А-56 


Return from Subroutine RTS 


Operation: 


Description: 


Condition Codes: 


SP <- (SP) + 0001 

1 PCH 

SP — (SP) + 0001 

T PCL 

The stack pointer is incremented (by 1). The contents of the byte of memory, atthe 
address now contained in the stack pointer, are loaded into the 8 bits of highest 
significance in the program counter. The stack pointer is again incremented (by 
1). The contents of the byte of memory, at the address now contained in the stack 
pointer, are loaded into the 8 bits of lowest significiance in the program counter. 


Not affected. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time - bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
INHERENT 5 1 39 071 057 
Return from Subroutine 
EXAMPLE 
Memory Machine Assembler Language 
Location Code (Hex) Label Operator Operand 
A. Before 
PC $30A2 39 RTS 
SP ФЕЕЕО 
$EFFE 10 
$EFFF 02 
В. After 
PC $1002 ** жаж eod dede 
ЗЕЕЕО 
ЗЕЕЕЕ 10 
SP $EFFF 02 


A-57 


SBA Subtract Accumulators 
Operation: АССА — (АССА) - (ACCB) 


Description: Subtracts the contents of ACCB from the contents of ACCA and places the result 
in ACCA. The contents of ACCB are not affected. 
Condition Codes: H: Not affected. 
Not affected. 
Set if most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 
Set if there was two's complement overflow as a result of the operation. 
Carry is set if the absolute value of accumulator B plus previous carry is 
larger than the absolute value of accumulator A; reset otherwise. 
Boolean Formulae for Condition Codes: 
N =R; 
Z = Rr: Be Въ Ва Ra: Re Ri Ro 
V = А; В ВНА Br: R; 
С = А; Bz Br Rz Rz: A7 


о= №25 


Addressing Modes, Execution Time, апа Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
__ Modes | (No. of cycles) | machine code HEX. OCT. DEC. 
{INHERENT ` S усл М ыы 1 j 10 020 | 016 | 


А-58 


Subtract with Carry SBC 
Operation: ACCX — (ACCX) - (M) - (O) 
Description: Subtracts the contents of M and C from the contents of ACCX and places the 
result in ACCX. 
Condition Codes: H: Not affected. 
Not affected. 
Set if most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 
Set if there was two's complement overflow as a result of the operation; 
cleared otherwise. 
C: Carry is set if the absolute value of the contents of memory plus previous 
carry is larger than the absolute value of the accumulator; reset otherwise. 
Boolean Formulae for Condition Codes: 
МЕНЕ оо она. 
2 = Rr: Be Bs: Ва Ba: Rz Ri: Ro 
У = X7:M7:R7+X7: My: R; 
С = Xr: M Mz Rz & Rz: X7 
Addressing Formats: 
See Table A-1. 


< мас 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ оска! / decimal): 
(DUAL OPERAND) 


-—— 
Coding of First (or only) 

Number of byte of machine code 

Addressing Execution Time bytes of NES 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
[eem ТЕ 

А ІММ 2 ЕР 82 202 130 

А ОВ 3 2 92 222 146 

A EXT 4 3 B2 262 178 

A IND 5 2 A2 242 162 

B IMM 2 2 C2 302 194 

B DIR 3 2 D2 322 210 

B EXT 4 3 F2 362 242 

B IND 5 2 E2 342 226 


A-59 


SEC 


Operation: C bit — 1 


Set Carry 


Description: Sets the carry bit in the processor condition codes register. 
Condition Codes: Н: Not affected. 
|: Not affected. 
N: Not affected. 
Z: Not affected. 
V: Not affected. 
C: Set 


Boolean Formulae for Condition Codes: 
C21 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
INHERENT 2 | 1 00 | 015 | 013 


А-60 


Set Interrupt Mask SE! 
Operation: l bit — 1 


Description: Sets the interrupt mask bit in the processor condition codes register. The microp- 
rocessor is inhibited from servicing an interrupt from a peripheral device, and will 
continue with execution of the instructions of the program, until the interrupt mask 
bit has been cleared. 


Condition Codes: H: Not affected. 
го Set 

N: Not affected. 
Z: Not affected. 
V: Not affected. 


Not affected. 


Boolean Formulae for Condition Codes: 
| 21 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 


INHERENT 2 1 | ое | о? | o5 


A-61 


ЗЕМ 


Operation: V bit — 1 


Set Two's Complement Overflow Bit 


Description: Sets the two's complement overflow bit in the processor condition codes register. 
Condition Codes: H: Not affected. 
: Not affected. 
N: Not affected. 
Z: Not affected. 

V: Set 

Not affected. 
Boolean Formulae for Condition Codes: 

М =1 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 
Addressing Execution Time bytes of 
Modes | (No. of cycles) machine code HEX. OCT. DEC. 
.JNHERENT ` 2 E | 0B | 013 | 011 


А-62 


Store Accumulator STA 


Operation: M — (ACCX) 
Description: Stores the contents of ACCX in memory. The contents of АССХ remains un- 
changed. 


Condition Codes: H: Not affected. 
|}: Not affected. 
N: Setif the most significant bit of the contents of ACCX is set; cleared 


otherwise. 
2: Setif all bits of the contents of ACCX are cleared; cleared otherwise. 
V: Cleared. 


C: Not affected. 
Boolean Formulae for Condition Codes: 


М = Х 
Z = Xr: Xe Х5 Ха Хз. Хо Хі: Xo 
У =0 

Addressing Formats: 


See Table A-2. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of | 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
A DIR 4 2 97 227 151 
A EXT 5 3 B7 267 183 
A IND 6 2 A7 247 167 
B DIR 4 2 D7 327 215 
B EXT 5 3 F7 367 247 
B IND 6 2 E7 347 231 


A-63 


STS 


Store Stack Pointer 


Operation: M — (SPH) 
M i 4 € (SPL) 
Description: Stores the more significant byte of the stack pointer in memory at the address 


specified by the program, and stores the less significant byte of the stack pointer 
at the next location in memory, at one plus the address specified by the program. 
Condition Codes: H: Not affected. 
|: Not affected. 
N: Setif the most significant bit of the stack pointer is set; cleared otherwise. 
Z: Set if all bits of the stack pointer are cleared; cleared otherwise. 
V: Cleared. 
C: Not affected. 
Boolean Formulae for Condition Codes: 
N = SPH? 
Z = (SPHz: SPHe- SPHs: ЗРНа-ЗРНз - SPH2: SPHi- SPHo): 
(БР. SPLe-SPLs: SPL4- ВРО SPL2: SPLi- SPLo) 
V -0 
Addressing Formats: 
See Table A-6. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 
Addressing Execution Time bytes of É 
...Modes | (Мо. of cycles) .. machine code HEX. 
DIR 5 2 9F 
EXT 6 3 BF 
мр. 7 2 АЕ 


А-64 


Store Index Register STX 


Operation: M — (IXH) 
M + 1 < (ХО 
Description: Stores the more significant byte of the index register in memory at the address 


specified by the program, and stores the less significant byte of the index register 
at the next location in memory, at one plus the address specified by the program. 


Condition Codes: H: Not affected. 
Not affected. 
Set if the most significant bite of the index register is set; cleared otherwise. 
Set if all bits of the index register are cleared; cleared otherwise. 
Cleared. 
Not affected. 
Boolean Formulae for Condition Codes: 

N = IXH; 

2 = (IXH7-IXHe- IXHs : IXH4: IXH3 : ІХН2 IXH:- IXHo): 

(хо -IXLe- IXLs Ха Ха ХО IXL:-IXLo) 

У =0 
Addressing Formats: 
See Table A-6. 


О< МЕС 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ оса! / decimal): 


Coding of First (or only) | 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycies) machine code | HEX. OCT. | ОЕС. | 
DIR 5 2 DF 337 223 
EXT 6. 3 ЕЕ 377 255 
IND 7 2 ЕЕ 357 239 


А-65 


SUB Subtract 


Operation: АССХ — (АССХ) - (M) 
Description: Subtracts the contents of M from the contents of ACCX and places the result in 
АССХ. 


Condition Codes: H: Not affected. 

Not affected. 

Set if most significant bit of the result is set; cleared otherwise. 
Set if all bits of the result are cleared; cleared otherwise. 


Set if there was two's complement overflow as a result of the operation; 
cleared otherwise. 


C: Set if the absolute value of the contents of memory are larger than the 
absolute value of the accumulator; reset otherwise. 
Boolean Formulae for Condition Codes: 
М = В; 
Z -Н»Нв:Н5:Н4-Нз-Нг-Ні-Но 
У = Х, Мо Во Хэ Мо R7 
С = X: M;* Мз: А5 +В7 Хз 
Addressing Formats: 
See Table A-1. 


< МЕС 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ оска! / decimal): 
(DUAL ОРЕВАМО) 


Coding ot First (ог only) 
Number of byte of machine code 
Addressing Execution Time bytes of va ape: 
| _ Modes 7! (Мо. of cycles) | machine code HEX. | OCT. DEC. 
A ІММ 2 2 80 200 128 
A DIR 3 2 90 220 144 
A EXT 4 3 BO 260 176 
A IND 5 2 АО 240 160 
в ІММ 2 2 со 300 192 
В DIR 3 2 ро 320 208 
В EXT 4 3 FO 360 240 
| В IND 5 2 ЕО 340 224 


А-66 


Software Interrupt 


Operation: 


Description: 


Condition Codes: 


SWI 


PC — (PC) + 0001 

| (PCL) , SP — (SP)-0001 
| (PCH) , SP < (SP)-0001 
| (IXL) , SP — (SP)-0001 

| (IXH) , SP < (SP)-0001 

| (АССА), SP < (SP)-0001 
| (ACCB) , SP — (5Р)-0001 
| (CC) , SP — (SP)-0001 


1< 1 


РСН <- (п-0005) 


PCL < (п-0004) 


The program counter is incremented (бу 1). The program counter, index register, 
and accumulator A and B, are pushed into the stack. The condition codes register 
is then pushed into the stack, with condition codes Н, |, М, Z, V, C going 
respectively into bit positions 5 thru 0, and the top two bits (in bit positions 7 and 6) 
are set (to the 1 state). The stack pointer is decremented (by 1) after each byte of 
data is stored in the stack. 


The interrupt mask bit is then set. The program counter is then loaded with the 
address stored in the software interrupt pointer at memory locations (n-5) and 
(n-4), where n is the address corresponding to a high state on all lines of the 
address bus. 

Not affected. 

Set. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 


осматт 


Boolean Formula юг Condition Codes: 


I =1 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
INHERENT 12 1 3F 077 063 


А-67 


Software Interrupt 


EXAMPLE 
A. Before: 
CC = HINZVC (binary) 
ACCB = 12 (Hex) КН = 56 (Hex) 
ACCA = 34 (Hex) IXL = 78 (Hex) 
Memory Machine Assembler Language 
Location Code (Hex) Label Operator Operand 
PC -> %5566 ЗЕ SWI 
SP ->  ФЕРЕЕ 
ФЕЕЕА ро 
ЗЕРЕВ 55 
в After: 
PC > $0055 
SP = ФЕЕЕВ 
SEFF9 11HINZVC (binary) 
$EFFA 12 
SEFFB 34 
ФЕЕЕС 56 
$EFFD 78 
$EFFE 55 
$EFFF 67 


Note: This example assumes that FFFF is the memory location addressed when all lines of the 
address bus go to the high state. 


A-68 


Transfer from Accumulator A to Accumulator B TAB 

Operation: ACCB <- (АССА) 

Description: Moves the contents of ACCA to ACCB. The former contents of ACCB are lost. 
The contents of ACCA are not affected. 


Condition Codes: H: Not affected. 
I: Not affected. 
М: Setifthe most significant bit of the contents of the accumulator is set; cleared 


otherwise. 

Z: Setif all bits of the contents of the accumulator are cleared; cleared other- 
wise. 

V: Cleared. 


C: Not affected. 
Boolean Formulae for Condition Codes: 


№ = Ву 
Z =В,-Вь-Н5.А4.Вз-В2-В! Ro 
М =0 
Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 
ü ~ Coding of First (or only) | 
Number of byte of machine code 
Addressing Execution Time bytes of ми 
Modes (No. of cycles) ` machine code | HEX. OCT. DEC. | 
INHERENT _ 2. E ME. ... 16 | 026 02 


А-69 


ТАР 


Operation: 


Description: 


Condition Codes: 


Transfer from Accumulator А 
to Processor Condition Codes Register 


CC <- (АССА) 
Bit Positions 


7 6 5 4 3 2 10 


БИП ШИ | [ | ] acca 


НІТІМІ2ІУІС сс 
L— Carry-Borrow 
Overflow 


(Two's Complement) 


Zero 
Negative 
Interrupt Mask 


Half Carry 


Transfers the contents of bit positions 0 thru 5 of accumulator A to the correspond- 
ing bit positions of the processor condition codes register. The contents of 
accumulator A remain unchanged. 


Setor reset according to the contents of the respective bits 0 thru 5 of accumulator 
A. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
_ Modes _ (No. of cycles) machine code | НЕХ. OCT. | DEC. 
. INHERENT уа 1 06 | 006 006 


А-70 


Transfer from Accumulator В to Accumulator А TBA 
Operation: АССА <- (ACCB) 


Description: Moves the contents of ACCB to ACCA. The former contents of ACCA are lost. 
The contents of ACCB are not affected. 

Condition Codes: H: Not affected. 

Not affected. 


I: 
М: Set if the most significant accumulator bit is set; cleared otherwise. 
Z: Set if all accumulator bits are cleared; cleared otherwise. 
V: Cleared. 
C: Not affected. 
Boolean Formulae for Condition Codes: 
М = В; 
Z = Rr Re Rs Ва. Аз: Rz В: Ro 
У =0 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. DEC. 
INHERENT 2 023 


A-71 


ТРА 


Transfer from Processor Condition Codes Register to 


Accumulator А 
Operation: АССА < (CC) 


Bit Positions 


ACCA 


сс 


Carry-Borrow 


Overflow 
(Two's Complement) 


Zero 


Negative 
Interrupt Mask 


Half Carry 


Description: Transfers the contents of the processor condition codes register to corresponding 


bit positions 0 thru 5 of accumulator A. Bit positions 6 and 7 of accumulator A are 


set (i.e. go to the "1" state). The processor condition codes register remains 
unchanged. 


Condition Codes: Not affected. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


i = Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
. Modes | (Мо. of cycles) machine code HEX. OCT. | DEC. 
ОМНЕВЕМТ |. 2 1 07 007 007 
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Test TST 


Operation: (ACCX) — 00 
(M) — 00 
Description: Set condition codes N and Z according to the contents of ACCX or M. 


Condition Codes: H: Not affected. 
|: Not affected. 
N: Set if most significant bit of the contents of ACCX or M is set; cleared 


otherwise. 
Z: бе if all bits of the contents of ACCX or M are cleared; cleared otherwise. 
V: Cleared. 
C: Cleared. 
Boolean Formulae for Condition Codes: 
N = M7 
Z = Mrz: Me: Ms: Ma- Ma: M2: Mi: Мо 
У =0 
С =0 
Addressing Formats: 
See Table A-3. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 

Number of byte of machine code 

Addressing Execution Time bytes of 

Modes (No. of cycles) machine code HEX. OCT. | DEC. 

A 2 1 4D 115 077 

B 2 1 5D 135 093 

EXT 6 3 7D 175 125 

IND 7 2 60 155 109 
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TSX 


Operation: 
Description: 


Condition Codes: 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


IX — (SP) + 0001 


Transfer from Stack Pointer to Index Register 


Loads the index register with one plus the contents of the stack pointer. The 


contents of the stack pointer remain unchanged. 


Not affected. 


Coding of First (or only) 


Number of byte of machine code 

Addressing Execution Time bytes of 
| | Modes (No. of cycles) machine code HEX. OCT. DEC. 
INHERENT _ 4 1 30 060 048 
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Transfer From Index Register to Stack Pointer TXS 
Operation: SP < (ІХ) — 0001 


Description: Loads the stack pointer with the contents of the index register, minus one. 
The contents of the index register remain unchanged. 


Condition Codes: Not affected. 


Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 


Coding of First (or only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
Modes (No. of cycles) machine code HEX. OCT. DEC. 
INHERENT 4 1 | 35 .065 053 
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МА! 


Operation: 


Condition Codes: 
Description: 


Condition Codes: 


Wait for Interrupt 


РС — (PC) + 0001 

| (PCL) , SP = (SP)-0001 

| (PCH) , SP — (SP)-0001 
(IXL) , SP — (SP)-0001 

| (IXH) , SP — (SP)-0001 

(ACCA) , SP — (SP)-0001 

| (ACCB) , SP — (5Р)-0001 

| (CC) , SP — (SP)-0001 

Not affected. 


The program counter is incremented (by 1). The program counter, index register, 
and accumulators A and B, are pushed into the stack. The condition codes 
register is then pushed into the stack, with condition codes H, 1, М, Z, V, C going 
respectively into bit positions 5 thru 0, and the top two bits (in bit positions 7 and 6) 
are set (to the 1 state). The stack pointer is decremented (by 1) after each byte of 
data is stored in the stack. 


Execution of the program is then suspended until an interrupt from a peripheral 
device is signalled, by the interrupt request control input going to a low state. 


When an interrupt is signalled on the interrupt request line, and provided the I bit is 

Clear, execution proceeds as follows. The interrupt mask bit is set. The program 

counter is then loaded with the address stored in the internal interrupt pointer at 

memory locations (n-7) and (n-6), where n is the address corresponding to a high 

state on all lines of the address bus. 

H: Not affected. 

I: Not affected until an interrupt request signal is detected on the interrupt 
request control line. When the interrupt request is received the I bit is set and 
further execution takes place, provided the | bit was initially clear. 


М: Not affected. 
Z: Not affected. 
V: Мо! affected. 
С: Not affected. 
Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal): 
и Coding of First (ог only) 
Number of byte of machine code 
Addressing Execution Time bytes of 
. Modes (No. of cycles) machine code HEX. OCT. DEC. 
_ INHERENT 9 1 3E | 076 062 
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Addressing Моде of 


Second Орегапа _ 


First Operand 


AccumulatorA 0 


Accumulator B ` 


IMMediate 


CCC A #number 
CCC A #symbol 
CCC A #expression 


CCC B #number 
CCC B #symbol 
CCC B #expression 


_ — CCCA#C ` CCCB 4C d 
DIRect or EXTended CCC A number CCC B number 
CCC A symbol CCC B symbol 
Я " CCC A expression CCC B expression 
INDexed CCCAX CCCBX 
CCC Z ,Х CCC B Х 


CCC A number,X 
CCC A symbol,X 
CCC A expression,X 


CCC B number,X 
CCC B symbol,X 
CCC B expression,X _ 


Notes: 


1. CCC = mnemonic operator of source instruction. 
2. "symbol" may be the special symbol "*". 
3 


. "expression" may contain the special symbol "*". 


> 


space тау Бе omitted before А ог В. 
Applicable to the following source instructions: 


ADC ADD AND BIT CMP 
EOR LDA ORA SBC SUB 


*Special symbol indicating program-counter. 


TABLE A-1. Addressing Formats (1) 


— n... 


Addressing Mode of First Operand 


Second Operand 


Accumulator А 


Accumulator B 


DIRect or EXTended 


STA A number 


STA B number 


STA A symbol STA B symbol 
| STA A expression STA B expression E 
INDexed STAAX STABX 
STA А ,X STA B ,X 


STA A number,X 
STA А symbol,X 


STA A expression,X 


STA В number,X 
STA B symbol,X 
STA В expression,X 


Notes: 1. "symbol" may be the special symbol “*”. 
2. "expression" may contain the special symbol “*”. 
3. Space may be omitted before A or B. 


Applicable to the source instruction: 


STA 


"Special symbol indicating program-counter. 


A-77 


TABLE A-2. Addressing Formats (2) 


Operand ог 
. Addressing Mode ` — Formats 
Accumulator A CCCA 


Accumulator В =! ССС В 


ЕХТепаеа ССС number 
ССС symbol 
ССС expression 
INDexed CCC X 
ссс,х 
ССС number,X 
ССС symbol,X 
ССС expression,X 


1. ССС = mnemonic operator of source instruction. 
2. "symbol" may be the special symbol “*”. 

3. "expression" may contain the special symbol “””, 
4. Space may be omitted before A or B. 


Notes: 


Applicable to the following source instructions: 


ASL ASR CLR COM DEC INC 
LSR NEG ROL ВОВ TST 


"Special symbol indicating program-counter. 


TABLE A-3. Addressing Formats (3) 


Operand i Formats 
me Accumulator A CCCA 
г Ассити!аїог В CCC B | 


Notes: 1. ССС = тпетопіс operator of source instruction. 
2. Space тау be omitted before А or В. 


Applicable to the following source instructions: 
PSH PUL 


TABLE A-4. Addressing Formats (4) 
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Addressing Моде Formats 


IMMediate CCC #number 
CCC #symbol 
CCC #expression 
CCC #с 

DIRect or EXTended CCC number 
CCC symbol 
CCC expression 

INDexed CCC X 
ссс,х 
ССС number,X 
ССС symbol,X 
ССС expression,X 


Notes: 1. ССС = mnemonic operator of source instruction. 
2. "symbol" may be the special symbol “*”. 
3. "expression" may contain the special symbol “*”. 


Applicable to the following source instructions: 
CPX LDS LDX 
"Special symbol indicating program-counter. 


TABLE A-5. Addressing Formats (5) 


—p— — ————AÓ————  HÁÉ MA 


Addressing Mode Formats 
DIRect or EXTended | ССС number 
ССС symbol 
ССС expression 
INDexed CCCX 
CCC ,X 
CCC number,X 
CCC symbol,X 
CCC expression,X 


Notes: 1. ССС = mnemonic operator of source instruction. 
2. "symbol" may be the special symbol “*”. 
З. "expression" may contain the special symbol "*". 


Applicable to the following source instructions: 
STS STX 


"Special symbol indicating program-counter. 


TABLE A-6. Addressing Formats (6) 


A-79 


Addressing Mode Formats 


EXTended CCC number 
CCC symbol 
CCC expression 
INDexed CCC X 
CCC ,X 
CCC number,X 
CCC symbol,X 
CCC expression,X 


Notes: 1. CCC = mnemonic operator of source instruction. 
2. “symbol” may be the special symbol “*”. 
З. "expression" may contain the special symbol "*". 


Applicable to the following source instructions: 
JMP JSR 


*Special symbol indicating program-counter. 


TABLE A-7. Addressing Formats (7) 


Addressing Mode Formats 


RELative CCC number 
CCC symbol 
T CCC expression 
Notes: 1. ССС - mnemonic operator of source instruction. 
2. "symbol" may be the special symbol “*”. 
3. "expression" may contain the special symbol “*”. 


Applicable to the following source instructions: 


BCC BCS BEQ ВСЕ BGT BHI BLE BLS 
BLT ВМ! BNE BPL BRA BSR BVC BVS 


"Special symbol indicating program-counter. 


TABLE A-8. Addressing Formats (8) 
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APPENDIX В 
EXbug COMMANDS 


- 


EXbug COMMANDS DESCRIPTION 

LOAD Initiates memory loader function. 

VERF Compares contents of memory with tape data. Where unequal, prints 
location in hexadecimal. 

PNCH Instructs EXORciser to punch an absolute formatted binary object 
tape. 

PRNT Causes terminal to print the contents of memory in hexadecimal 


followed by the literal ASCII characters. 


SRCH Searches tape for header record. Stops reader at first record 
encountered and prints that record. 


810, S30, & 5120 Inserts nulls for proper printing during terminal operation at 110, 
300, and 1200 Baud: Ө, or Ө, or 3 nulls, respectively, inserted after 
standard ASCII characters; 0, or 4, ог 23, respectively, inserted 
following carriage return character. 


S240 Inserts nulls for proper printing during 2400 Baud terminal opera- 
(EXbug 1.2 only) tion. Seven nulls inserted after standard ASCII characters; 47 nulls 
inserted following carriage return character. 

TERM Prints the number of nulls currently being inserted after standard 
(EXbug 1.2 only) ASCII and carriage return characters. Permits either or both to 

be changed. 
MAID 
n/ Print the contents of memory location n and enable the EXORciser 
to change the contents of this memory location. 
п;0 Calculate the address offset (for relative addressing mode 
instructions. 
(LF) Print the contents of the next sequential memory location and 


enable the EXORciser to change the contents of this memory 
location (LF — Line Feed character). 


T Print the contents of the previous sequential memory location 
and enable the EXORciser to change the contents of this 
memory location (1 — up arrow character, or SHIFT key, ог М 
character). 
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EXbug COMMANDS 


DESCRIPTION 


(CR) 


пм 
$v 


Return the displayed contents to memory and accept next 
command (CR — Сагпаде Return character). 


Enter a breakpoint at memory location n. 
Display the memory location of each breakpoint. 


Continue executing from the selected breakpoint until this break- 
point is encountered n times. 


Remove all the breakpoints. 

Remove the breakpoint at memory location n. 
Search for the n bit pattern. 

Display the search mask. 


Execute the user's program starting at the auto restart memory 
location. 


Execute user's program starting at memory location n. 
Display/ change the user's program registers. 

Continue executing from the current program counter setting. 
Trace one instruction. 

Trace one instruction. 

Trace n instructions. 

Set the trace mode. 

Reset the trace mode. 


Display and set the stop-on-address compare — Scope trigger 
pulse. 


Reset the stop-on-address compare — Scope trigger pulse. 
Convert the decimal number n to its hexadecimal equivalent. 
Convert the hexadecimal number n to its decimal equivalent. 


Convert the octal number n to its hexadecimal equivalent. 
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APPENDIX С 
MiKbug COMMANDS 


OPERATION DESCRIPTION 
L Load tape. 
M Memory change. 
В Display registers СС, В, А, X, P, S. 
P Print/ punch tape. 
G Go to location. 


С-1 
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APPENDIX D 
MINIbug ІІ COMMANDS 


| COMMAND DESCRIPTION 
L Load tape. 
M Memory Change. 
P Print/ punch dump. 
R Display registers СС, В, А, X, Р, 5. 
s Set terminal speed: 


1 — set speed for 10 cps 
3 — set speed for 30 cps 


Go to location nnnn. 
Memory test. 


Punch binary tape. 


N < < Q 


Load binary tape. 


See Evaluation Module И Users Guide for detailed description. 


| — ———— "— —  ———————H')»— | 
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APPENDIX Е 
MINIbug Ш COMMANDS 


СОММАМО 


DESCRIPTION 


о D ux г 


< с о о ч zo DB 


Load. 

Memory change. 

Print/ punch dump. 

Display registers CC, В, A, X, Р, $. 


Set terminal speed: 
1 — set speed for 10 cps 
3 — set speed for 30 cps 


Print out all breakpoints. 

Continue execution from current location. 
Next instruction. 

Trace “М” instructions. 

Go to location “N”. 

Delete all breakpoints. 

Reset breakpoint with address “М”. 


Set a breakpoint with address “М”. 
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APPENDIX F 
ASCII CODE CONVERSION TABLE 


BITS 4 thru 6 — 0 1 2 3 4 5 6 7 
0 мл БЕ SP 0 @ P р 
1 SOH DCi ! 1А О а а 
2 STX DC2 ' 2 B R b r 
3 ETX DC3 # 3 C S c s 
4 EOT DC4 $ 4 D T d t 
5 ЕМО МАК % 5 Е U e u 

BITS 0 thru 3 6 АСК SYN & 6 F У f у 
7 BEL ETB т G W g м 
8 BS CAN ( 8 H X h x 
9 HT EM ) 9 | Y d y 
А LF SUB ы ар Z7 | 2 
В VT ESC + ы КГ k í 
С ЕЕ Е5 і = и и | 7 
D CR GS - = M J m } 
E SO RS > N A n = 
Е $1 Us / 2 O — о DEL 


APPENDIX G 
HEXADECIMAL AND DECIMAL CONVERSION 


From hex: locate each hex digit in its corresponding column position and note the decimal 
equivalents. Add these to obtain the decimal value. 


From decimal: (1) locate the largest decimal value in the table that will fit into the decima! 
number to be converted, and (2) note its hex equivalent and hex column position: (3) Find 
the decimal remainder. Repeat the process on this and subsequent remainders. 


HEXADECIMAL COLUMNS 


6 5 4 3 2 | 1 
ШЕ | | 
НЕХ = ОЕС НЕХ = ОЕС НЕХ = ОЕС НЕХ = DEC НЕХ = ОЕС НЕХ = ОЕС 

| 0 010 010 010 0 0 0 | 0 0 
1 1,048,576 |1 65,536 | 1 4,096 | 1 256 1 16 1 1 
2 2,097,152 |2 131,072; 2 8,192 | 2 512 2 32 2 2 
3 3,145,728 |3 196,608| 3 12,288 | 3 768 3 48 3 3 
4 4,194304 |4 262,144| 4 16,384 | 4 1,024 4 64 4 4 
5 5,242,880 |5 327,680| 5 20,480 | 5 1,280 5 80 5 5 
6 6,291,456 |6 393,216] 6 24,576 | 6 1,536 6 96 6 6 
7 7,340,032 |7 458,752} 7 28,672 | 7 1,792 7 112 7 7 
8 8,388,608 |8 524,288| 8 32,768 | 8 2,048 8 128 8 8 
9 9,437,184 |9 589,824| 9 36,864 | 9 2,304 9 144 9 9 
А 10,485,760 |А 655,360| А 40,960 | А 2,560 А 160 А 10 
В 11,534,336 |В  720,896| В 45,056 | B 2,816 В 176 В 11 
С 12,582,912 |C 786,432! С 49,152 | C 3,072 С 192 с 12 
О 13,631,488 |D 851,268| D 53,248 | D 3,328 О 208 D 13 
Е 14,680,064 |E 917,504| E 54,344 | E 3,584 E 224 E 14 
Е 15,728,640 |F 983,040] F 61,440 | F 3,840 F 240 F: 15 

0123 | 4567 0123 4567 0123 4567 
| ВУТЕ ВУТЕ ВУТЕ 


POWERS ОҒ 2 


РОУ/ЕН5 ОҒ 16 


2n n 
256 8 
512 9 
1 024 10 
2 048 11 
4 096 12 
8 192 13 
16 384 14 
32 768 15 
65 536 16 
131 072 17 
262 144 18 
524 288 19 
1 048 576 20 
2 097 152 21 
4 194 304 22 
8 388 608 23 
16 777 216 24 


16° 
= 16" 

= 16 

= 16° 
= 16“ 
= 16° 
= 16° 
= 16 
= 16° 
= 16° 
= 16% 
= 16" 
= 16% 
= 16% 
= 16" 
= 16% 


r 


16^ 


2 


1 
16 

256 

4 096 

65 536 

1 048 576 

16 777 216 

268 435 456 

4 294 967 296 

68 719 476 736 

1 099 511 627 776 

17 592 186 044 416 

281 474 976 710 656 

4 503 599 627 370 496 
72 057 594 037 927 936 


1 152 921 504 606 846 976 
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